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i (54; Title: FITNCTIONAL SURROGA7TS OF ANAL\TES OF INTEREST AND METHODS OF OBTAINING AND USING SA.ME \ 
(57) Abstract | 

Functional surrogates arc disclosed which sen^e as mimics of naturalh occurring: molecules, such as analytes of interest present in 
a ^iven sample. In panicular, functional surrogates (including epitopes and mimetopesj of macromolecular moieties, including large to 
medium-sized proteins, are described. Tne functional surrogates of the present invention arc useful in a varier>' of applications, including ! 
diagnostic, prophylactic, and therapeutic applications. Indeed, where the detection of a macromolecular moiety is hampered b\' its size, j 
a functional surrogate of the present invention, ser\'ing as the mimic of the macromolecular moier\', may be better suited for a given > 
diagnostic assay. Methods of obtaining functional surrogates, various methods of their use. ar^d composhions. including kits, arc^aiso f 
described. Accoraingl} , certain binding peptides, inciudmg those of a well defined sequence, have been discovered, which can be used [ 
in a number of afhnity assays, including those utilizing fluorescence polarization immunoassay (EPIA), enz\Tne multiplied immunoassav ] 
techniques (EMIT) or cloned enzyme donor immunoassays (CEDIA), to name a few, ' * i 
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FUNCTIONAL SURROGATES OF 
ANAL\TES OF INTEREST AND 
METHODS OF OBTAINING AND USING SAME 

1 ■ Field of the In\'eniion 

The present invention relates to fanctionai molL^cuiar surrogates 
of naturally occumng molecules, including a varien- of anal\^es of 
interest, such as large to medium-sized proteins. The functional 
surrogates of the present mvention can be used in a varien' of 
applications, including diagnostic, prophylactic, and therapeutic 
appiicaiions. In panicuiar. large macromoiecular moieties whose 
detection may be impractical under cenam assay conditions, such as 
the conditions of homogenous immunoassa>' techniques, are detected 
successfully with the aid of the functional surrogates of the present 
invention. Methods of obtaining functional surrogates, various 
m.ethods of their use, and compositions, including kits, are also 
described. The invention also relates to certain constructs comprising 
DNA sequences encoding selected functional surrogates that exhibit 
the affinit>' and'or related characteristics required to mdmic the 
function and/or behavior of the naturally occumng anaKie molecules, 
transforming vectors including the constructs, in addition to 
bacteriophage and microorgamsms harboring same. 

2. Background of the Invention 

The detection of various analyies that may be present in a 
given sample has aivva>'s been of principal interes: in science and 
medicine. The need for a method of determining the presence or 
absence of a given anahie of interest is panicularly acute in a clinical 
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-c„„, whe. es.y co„d.,.„„s can be less ,d=a>. ,e„s,o„s 

=spec,a,lv M,h. speedv. .„a.,e .ecb.„.es ... .he 

drf.crence ,„ *= success „, ft„ure of Ac cHnica! trea^en, 

in n,os, cKnica. sem„g, Ae assays for ,he de,ec„o„ „f 

analvnes of interest are indir-ct or nf o u , 

inair.ct or of a heterogenous nature. Such 

he.e.oge„o„s assays .,„e co„s^„, a:,, „ft,„ 

an.,bod,es for bi„d,„g de,ec,i„„. „« „e„..o„ solid came, for use 

"° ^^'""'"^ ^™ ».i--n,c species. Nonetheless 

=nz:.™e ■ramunoassays (EIA, lechnicues arc wd-lv u^e- f„, • 

detection becaus'- thpv 

tne> are rrequentiy the most effective of th-^ 
available methods, or thev mav he th. . i 

ma> be the only method available for 

measunng the panicular anaix^e of interest ^e. f 

. u. interest. See. for example 
Forstmann, T. and Ki°s<?iV ^ t ■ r r 

^-^iifc, i. 1.. in J. Immunol. Meth. (1992) 150-5- 

-I, for a discussion of basir FT a t^^u ■ 

. , techmques, mcluding unlabeled 

(based on secondan- .immun" r^actmnc o u 

, nmun. reactions, such as precipitation and 

o~ '~-ed, methods. Por the determtn^tton 
of both haptens and ^gh molecular weight substances, the authors 
f-r the labeled method, .btch they characterize as usm. 
monoclonal antibodies, as being of greater sensit.vitv. 
measunng range, and lower susceptibility^ to disturbing mfluences^^' 
_ Despite the great success enjoyed by enzv^e immunoassavs 
-tacts and limitations persist. In particular, differences bet^.en "the 
results of solution versus solid-phase techniques have been show, 
^^ee, e.g., Pesce. A. J. and Mich^pl t n • r , 

J- B., in J. Immunol. Meth. (199^) 
'=OaU.„,. These differences are due :o a n™her of facers such 
as surface phenomena changes ,n „o,=cuiar structure on h,nd.ne ,0 
a surface, changes in ,he valence of antibodies and ant,ge„s. and st'cnc 
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consirami^. For otht;r limitations of ElA. including sources of 
interferencs. the reader is referred to the article hv P^..» .r.A v;"-n»' 



''Homoge nous" Affimt\- Assay; 
"Homogenous" enz>TOe immunoassays, those not requiring a 
surface bound component or a wash step, have been in use for a 
number of years since Rubenstem and co-workers described the 
inhibition of lysozv-me activity' on addition of morphine antibodies to 
a conjugate of morphine and lysoz>-me. Rubenstem. K. E.. Schneider. 
R. S.. and Ullman. E. F. Biochem. Biophys. Res. Commun. fI972) 
47(4):846-851: U.S. Patent No, 4.I90.496. UTaen these workers 
discovered that the addition of free morphine reduced the inhibition 
of enz>'me activm- in proportion to the amount of free morphine 
added, the "homogenous" EIA technique was bom. 

The extension of the technique was later showr, for the 
detection of other haptens, including drugs and hormones, and to the 
use of other enzymes, such as malate dehydrogenase, glucose-6- 
phosphate dehydrogenase (G6DPH). amylase, and beta-galactosidase. 
Gibbons. I. et al. Anal. Biochem. (1980) 102:167-170, The extension 
of the technique to macromolecuiar antigens proved more difficult, 
however, and such assays were adversely affected by serum. 
Moreover, the intimate interaction between enz>'me and bound 
antibody, which is responsible for the conformational effects that give 
rise to the inhibition of enz>'me activm-, is less intimate and in fact 
attenuated when the enz>-me is bound to a large protein antigen. 
Indeed, binding to the large protein antigen may sterically inhibit the 
enz>'me to begin ^^^th and prevent the enzv-me from interacting with 
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Its substrate Some success for the detection of human laG was 
professed. See. Cxibbons. I, et al.. Still others have 

tried to improve the sensiuvuy of homogenous EIA for the detection 
of macromolecular amigens by the use of modified labels, such as 
fluorogemc substrates for the enzyme. .Wnta. R. at al.. in Anal. 
Biocherr.. (1985) 146:211-219, describe an assay for serum ferritin 
using a beta-gaiactosidase-femtin conjugate and dextran- linked beta- 
galactosyi-umbeliiferone as enzyme substrate. A 1000-fold increase 
m sensitivm' in going from a chromogenic substrate to a fluorogenic 
substrate was asscned. However, serum interference remained 
problematic due to the presence of antibody against beta-galaciosidase 
in the patient samples. 

2.2. ■A.utomated .Assays 

In recent years the major trend in the field has been toward 
non-isotopic assays capable of being automated. See, for example. 
Gosimg, J.P.. in Clin. Chem. (1990) 36(8): 1408-1427. That is, 
immunoassays can be rxin manually by technicians performine the 
reagent addition steps - "manual assays", or on automated instrui^iems 
- "automated assays". Automated assays can be um on either 
dedicated immunoassay instruments or on exisimg clmical chemistry 
analyzers. Dedicated Immunoassay instrumems are usualh' 
differentiated by the detection mode used to monitor the assay (e.g.. 
chemiluminescencc, fluorescence, particle counting) and the method 
used, as in the case for heterogeneous assay systems, to separate free 
and antibody bound labeled ligand. Additionally a dedicated 
instrument is limited ,n that it will only run assays formulated 
specifically for that technology and particular detection system. 
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Converseh-. homogenous immunoassays, without need for a 
separauon or wasn step, are pan.culariy well suhed for runr-n. . 
co.venttonal automated clmica! chemistn^ analyzer. See. Khanna. m 
Pnnc^ples an<i Pracncc of Immunoassay, CP. P„ce & D.J. Newman 
fEds.). Stockton Press, New York (199]) pp. 326-364. 

The Enz:.me Multiplied immunoassay Techmque (F^^IT) 

popularized by Rubenstein et ai suora can „ 

' be run automaticaJlv on 

such clinical chemistry- analyzers. As noted above FXfTT '.-^ . 

competutve homogeneous ElA in wWch an ar.al..e . labeled wtth 

cnz>.'me (most commonK- a hapten conjugated to G6PDH). Bindtn. 

or antibody to hapten G6PDH results in a decrease of G6PDH 
acnvuy. A competu.on ts set up beu..en labeled and unlabeled 
hapten for a hm.ted number of antibody binding sites. Increased 
— of hapten m the sample lead to less antibodv available to 
bind to the labeled hapten, hence increased G6PDH activitv is the 
result of increased concentration of hapten in the sampie. The assav 

reagents readiiv lend them<;pivfl.c ^r. u^- 

. cna m.mselves to being run on automated clinical 

chemistn^ analyzers and require only rate measurements at 340 nxn for 
monitonng. Enzyme activity- :s momtored by measuring the rate of 

NADH formation at 340 nm- i p rn» 

^ u nm. I.e., me assay only requires a reaular 

--^■V detection s>'stem for measurement. 

There nas been no commercialized application of EMIT for the 

measurement of large anahtes fe e nm, " 

(e.g., proteins and other 

macromolecular moieues) because of the lack of a suitable G6PDH- 
macromolecule conjugate whose activit>^ can be inhibited; that is the 
conjugation of G6PDH to a large molecule wil, .nherentlv render 

G6PDH inactive. 

As stated previously, in an EVITT p^c,^^ w.^a- 

oil ^.vui a^sax, binding of exogenous 
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anfbod, ,„ ^,_,,„ ^ ^^^^ ^^^^^^^^ 

'n obsen.ed e„z>™a,ic acvn- Labeled -o^abeLd anrige. 

compete fo. a ,™„ed „.„,be.- of a.„bodv b,„di„a s„es. Henc- 
con.e„..a„„„ of andgen ,„ .he sa^pie is d.recth- p„po„„„a, ,c ^] 
conce„.aUo„ „f ft,e ,ab.ied andgcn, ...eordtag,,, u,e greater *e 
c=n==„.a„o„ of a„u,e„ .„ .he sa^pie. .he ^ea,er fte „b.=„ed 
enzyme activin-. 

The oniy commercialized EMIT ncsa... u.„„ . - - 
measore^en, of hap,e„,= .o.eeuie. such as drugs of abuse „. 

and .^=„.a. R.. e. a... ,„ extend ,he assay ,o n,a„o.olecula.' 

anugeus have „,e. .i^ u.n,.ed success. Bom effons .e,^re reagem 
mcubauon .i„,es .n fte order of ho^s. suffer fron, serum .n.erferences 
and, ,n *e case of d,e fe™„ assay, re,u.re a de.ee,or for measunng 
fluorescence. In ofter words *ese assays were subs.an,ia„v inferior 
.n ease of use and perfonnance. I. foiiows .ha. ,„ .e^s of ease o 
use. a,e EMIT procedure wouid o„,y be pracieai for assavs of 
haptens - sntal. ntolecules such as dn^gs, as larger molecules, such as 
polypeptides or proteins, would .nherently i„act,vate the enzvme 
activity on conjugation to the G6PDH. 

In addition, an anempt to generalize this technoloev to oth^^ 
protetns of connnercial in^portance is limited by the facT th.at in^a 
cornpetMve assa, fon^at, sub.anti^ an.o-ants of highlv punned 
anah^e are required for conjugation to the enzvme. Fo^ n.anv 
protems. this requirement is prohibitive. 

Other "Homogeneous- Af finit^■ a..;, v. 
Other homogeneous enz>-me inununoassays have been 
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descnbed. For example. Jenkins. S, H.. m J Immunol. Metn. (1992) 
]->0:9 1-97. discusses in addition :o EMIT, substrate-labeled 
fiuorescence nxixnunoassay fSLFIA,. prostheuc eroun-labeled 
.mn.unoassa>- (PGLIA, or apoenz>^n.e reactivation i.^;^oas3av 
(ARIA,. cofactor-iabeled :mmunoassay. inhibuor-labeied 
™ut,oassa>'. and cloned er^-me donor immunoassav (CEDIA) All 
these techniques are susceptible to mterferences present in the sampl^ 
however, as there is no wash .step. The search for ways to n.ea.sure 
large anal\ies continues. 

In the FETI technique, fluorescence excitation transfer 
.mxnunoassa>-, the assay can be done m several configurations Th^ 
general principle is that two men^bers of a binding pair are labeled 
one with a fluorescein analog, the other with a rhodantine analog 
The mixture is excited at the fluorescein absorption waveleneth If 
the labeled constituents are bound to each other, an energy ^ansfer 
can. take place and the fluorescein emission quenches the rhodantin. 
excitation. Tms phenomenon permits ar. index of bindme to be 
measured. In a relevant assay configuration, t.. distinct monodonals 
are labeled. Energy transfer occurs only when the labels are brought 
into proximity by binding to the analyse. A fluonmetric anaivzer has 
been designed and built to run a panel of FETI assays aion. with 
EMIT small molecule assays (reading NADH fluorescence) Se^ 
Ullman, E.F.. Schwarzberg, M.. Rubenstein. K.E., in 1 Biol Chem 
(1976) 251(.4):4172-8: UIW. E.F.. Khanna, P.Y.. 
Enzymology^ (1981) 74:28-60. 

•Another major assay is enzy-me channeling. The concept is to 
label each of t^vo monoclonal (or polyclonal) antibodies with a 
different enzyme. The t.. enz^^me labels are coupled in the sense 
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that the product of one is a suh<;rr',t» r • 

''"^'^^ In a specific 

.n.tan^e. one antibodv is lab-led v.ntu i 

""^^ oxidase (GO) Pne 

second IS labeled with horseradish n ■ • 

Horseradish peroxiaase CHRP) Th^ r,» -j 

produced in the GO react.on ' • ^ 

reaction is reauced bv the HRP . i ■ 

oxidation of a ieuco dv» .nH . • ^""^''"^ 

ieuco d>. and production of a coior. The counled 

™ - -h faster when the two en.n.es are Held m pr ^ 
^ When the antibodies to w.ch the. a.e attached fo. 
™ an antieen. T.e rate of color production is thus an mdex o^ 
anal^e concentration. The principle could be demonstrated b: hl^ 
never worKed well as the tna.nitude of the ch^neltn. effe. . si . K 
too small. See Gibbon. T . i • ^ - 

B6:93-,03. '"" '"^7) 

A. add,„„„al ,e=h:,,ue ,s caHed LOCI. wh.ch .ands for 
f-'- concep. Of brin,.„, ,og=*„ species in ord. .„ 
coated ivith antibodiss Ths n>,„ , u . 

antiaen ,„ „■ ™ P^- ^ an 

" f ■ ""^""^ - ^-'-l- to a,.x 

photosens lizer dve and an 

capable ^ ™= - 

distance lo the second bead ■^■k. ■ ■ ■ ■ 

procss hv ^ • " """"" " ^h^mtlun^nescence 

P--SS > excttn, a special tnolecule co.pled to the second bead 

consequence of an ant,,en-a„.ibod, .action. Ho„eve. a. owanaMe 
~at.ons. tb=.e . a „o„3pee.«e b.ndtn, of tbe bead^: 
on end, a „onspeci,-,e „,H, e^iss.on. ^ 
-Knt^ne .cu..es spectal i„3.™,en.a,ion and. althou^ 
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homogeneous. :s not amenable to standard clm.caj analyzers. See, 
Lllman. F P n . 

- ..... xn rroc. Aat:. Acad Scr USA (]994) 

91( i2):5426-30. 

Yet anotner homogeneous assay ,s Microgemcs' fBoehrm.er 
Mannheim,, CEDIA. See, U. S. Patent Nos, 4.708.929. 5 m 653 
0-244.785. and 5.362.625. The method .s based on tl. activ,t^.• of the 
enzyme beta-galactosida..e. which m th,s technique has been divided 
into two fragments. The acceptor fragment. EA. contams 97o/„ of the 
cnz>.me-s total mass. A smaller fragment, the donor fED,. ^.h. k„ 
a recombmant DNA technique and contams on the order of about 80 
ammo acids. The ED can be engineered to contain ivsme or cvsteine 
groups at specified locations for iiniang. 

In the CEDIA method, a hapten analog .s attached to ED 
Antibody bindmg the ED-hanten complex prevents its recombination 
with EA to form active enzyme. In this way. the enzyme activity is 
proponionai to the amo-ant of free hapten m a specimen The 
sensitivity of CEDIA is perhaps one order of magmtude better than 
that for EMIT. For example. Microgenics has published on a vitamm 
BI2 assay on the Cobas Mira .ath a sensitivity- dou. to 100 pe/mL 
See. ICham^a. P.L. and Worthy-. T.E.. in D:a,nos,cs in Vea^oOO 
Van Nostrand Rhemhold. Smgh. P., Sharma, B.P.. and Praveen t' 
CEds.) (1992) p. 2-38. 

Efforts were made to anp], CEDiA to high molecular weieht 
ar,alv-tes. .An early effort involved binding TSH to the ED An effect 
was demonstrated in this competitive format, but it was not laree 
enough to be readily detected. 

•Another attempt came >n the case of femtin which has two 
kmds of repeatmg subunits. In this instance, an antibody to femtin 
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.s conjugated to the ED. The conjugates bunch up around femt.n in 
tne spec^en and prevent the formation of the EA-ED complex 
Lmabeled ant.bod>^ ,s added along wuh the conjugate to further crowd 
tne ED and prov.de increased stenc hindrance to complexa.on TW. 
assay has been introduced in a commercial format for the Huacm 717 
analyzer ..th a sensitivity- of 50 ng/mL. The assay requires adduton 
of a reagent conraimng Ab-ED and substrate to the specimen 
followed by a 5-10 mtnute incubation step. A second rea.em 
containing unlabeled antibody and EA is then added An.. 4 
minute incubation step, the absorbance is read to give the final result 
The methodology is claimed to be applicable to "analvtes with 
multivalent antigenic determinants like GRP. hepatitis surface 



antieen 



Recent advancements have also been made in another 
"homogeneous" affimt>. assay technology known a., fluorescence 
pclartzatton immunoassay (FPU). The technology ts" Umtted bv the 
.mmeasurably small signal changes .hat occur when the analv.= mass 
exceeds 20.000 daltons. 

Wei, A-P. and Herxon. J. N.. m Anal. Chem. (1993) 
65:3372-3377, describe the use of synthetic peptides as tracer 
antigens m FPIA techniques reportedly to detect high molecular 
weight antigens. In this work, a panel of 221 octapeptides of 
overiapping sequence designed to span all possible eight ammo acid 
segments present in the two chains of human chorionic 
gonadotropin (237 ammo acid residues between the Uvo chains) 
was screened with a monoclonal anti-hCG antibody. A comparison 
of tne binding affinity of a synthetic binding peptide 
GSGSRLPGPSDTC (SEQ ID NO:75), denved from the structure of 
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two bindmL: pcpiidtis isolaied from the pane!. SRLPGPSD (SEQ lU 
NO:76) and RLPGPSDT (SEQ. ID NO: 77). showed that the 
synthetic binding peptide had a binding affinit>- constant (Kj for 
the antibody of 1.6 x 10" M'' versus a binding af:imT>- constant of 
4.8 X 10" M-- obser\'cd for the naturalh- occumng hCG molecuie. 
Hence, the s\'nthetic peptide has a binding affinity- that was more 
than two orders of magnitude lower than the naturally occumng 
molecule. Consequently, the synthetic peptide is ill-equipped to 
compete effectively with the naroral hCG molecule for limited anti- 
hCG antibod>-: that is. the synthetic peptide is readily displaced by 
the natural hCG molecule in a competitn e immunoassay format. 

The Prosthetic-Group Labeled Enz>'me Immunoassav 
CPGLEIA) is an assay in which apogiucose oxidase is inactive 
unless reconstituted by comple.xation with a ligand-labeled FAD 
(flavin adenine dinucleotide) analog. Antibod\- binding the FAD- 
Ligand conjugate prevents the recombination. .Most of the work 
with this assay was done wth haptens, and one stud>' was reported 
in which an assay for IgG was demonstrated. See. Moms. D.L. et 
al., in Anal. Chem. (1981) 53:658-65. 

^he YSIA ffluorogenic substrate-iabeled immunoas.say ) 
method a iigand is covaiemly coupled to a fluorogenic molecule by 
an enz>'me clea\'ablc bond. W nen anti-iigand antibodv is 
preoccupied with anai>ie m the specimen, the enzymatic cleavage 
reaction occurs and produces a fluorescent molecule. WTien no 
-5 anahte is present, the antibody binds to the conjugate which 

sterically prevents the cleaving enz>'me from acting. .\s a result, 
no fluorescent signa; is produced. For example, the fluorogenic 
substrate can be a derivative of 4-methylumbellifer>-l phosphate. 
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and me enz>™e can be beta-galaaos:da.e. Tests for laG and 
have been demonstrated. The IgG test has a sensitivit^■ of 
m.cro,ran.s per nal. See. Worah. D.. et al.. CUu. Chem imi, 
21 ■.613-611. 

-■^ telPUs Efforts of Obtaining "Min^^.c" 
Luzzago, et al.. ,n Gene (1993; 128:51-57. descnbe the 
selectton of nonapeptides from a random nonapeptide librar^^ which 
bind to the monoclonal antibody H107. Two consensus sequences 
were described, including ^-XXXXXW (SEO ID NO-7J;^ ... 
GSXF rSEQ ID NO:79), .n wh.ch postt.r. X is vartable. The 
value or these sequences is unclear panicularh- because a 
competition experiment set up between a biotinvlated svnthetic 
peptide contaimng the first consensus sequence and recombinant 
human H-subunit ferritin provided anomalous results. In panicular 
the absorption reading attributable to mAb H107 bound to 
btotinylated synthetic peptide actually rncreases wtth the addition of 
competing analyte. A progressive decrease m the absorption st.n^ 
would have been expected in a well behaved system. ,See Fig^ 
of Luzzago.) Significantly, no mention of afrInit^^ assays is naade 
Thus, previous effons in the art to establish homoeeneous 
assays have required reagent incubation times on the order of hours 
have suffered from serum interferences and, m the case of the 
icmtm assay, required a specialized detector for measuring 
fluorescence. Most importantly, the existing technology Iws the 
effective measurert^ent of haptens, not macromolecular antigens 
^^d where attempts have been made to measure macromorecular 
species, interferences and limitations persist whtch are not normaJlv 
encountered with small hapten molecules. Also, no effective 
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substimtes have been discovered which faitlifuily reproduce the 
propenies and characteristics of the macromolecuiar analvies to the 
point that existing techniques found effective for small moiecules 
can be applied to the macromolecuies of interest. Thus, no 
functional surrogates have been described, for instance, which can 
compete effectively with a given anahae, such as an antigen, for a 
limiting amotmt of affimty receptor, such as an antibody. 

Accordingly, the present invention seeks to remedy tlie 
shortcomings in the state of the an of afimitA' assays, providing 
substances that can sen'e as functional surrogates of selected 
analytes of interest. Such substances are particuiariv useful for 
applications in the area of homogeneous lmmtmoassa^'s in which 
functional substitutes for '^untractable" macromolecuies are 
unavailable. 

3. Simimarv^ of the Invention 

It is therefore an object of the present invention to provide 
functional surrogates of analyies of interest which for all intents 
and purposes ser\^e as effective substitutes for the anahles of 
interest, panicularly when the anai>tes are macromolecuiar 
moieties, the detection of which have to date proved unw^orkable 
within the framework of existing affinit\^ assay technology, such as 
EMIT, CEDIA, fluorescence polarization methods, and the like. It 
is important to stress that m the methods of the present invention, 
actual knowledge of the molecular structure of the segment of the 
anaKie of interest responsible for the affinit>- interaction with a 
receptor for the anahie is neither necessar\' nor essential. For a 
given analvae of interest, all that is needed is the availabiiir\' of an 
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affmuy receptor having a selective affinm- for the analyte (e.g.. the 
availabilm- of an antibody against an analyte of interest). Indeed, 
in some cases, as descnbed further below, novel substances can be 
uncovered which show an affinm- for an anaKie of interest and 
which can be used as a receptor for the analne. The formation of 
a complex beuveen the novel substance and the anahic can then be 



dstecied. 



A method IS thus provided for determining the presence or 
absence of an analyte of interest in a sample bv an affmm- assav 
comprising: (a) providing (i* a labeled conjugate comprisms at ieast 
one label attached to a functional surrogate capable of comnetine 
effectively with ar. analyte of interest for a limiting amount of 
affinit)' receptor for the anaK.e, the labeled conjugate exhibiting an 
activity- that IS altered on interaction of the labeled conjugate with 
the affinity receptor and which activm- can be measured "and related 
to the presence or absence of the anah^e in a given sample, and (ii) 
the affinitv' receptor: (h) combining the labeled conjugate and 
affinity- receptor with a sample suspected of contamine the anah^e 
to provide a measure of the acuvity, (c) measunng the activit^•; 'and 
(d) relating the acti^-lt>• to the presence or absence of the anahte in 
the sample. 

Various analytes of interest can be detected in this manner, 
from small haptens to large macromoleculcs. using available 
technolog:,' once the functional surrogate has been isolated and 
Identified. Accordingly, specific embodiments of the present 
invemion are directed to canicular anahies of commercial 
importance, including vanous antigens and antibodies, and usma 
vanous affinit>- assays well known to those of ordinar>- skill m me 
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an. including EVflT, CEDIA, and fluorescence polanzation. 

.Mother object of the invention is to provide a homogeneous 
immunoassa}' kit comprising: (a) a labeled conjugate diposed in a 
first container means, the labeled conjugate comprising at least one 
labei attached to a functional surrogate of an anal>le of interest, the 
funcnonal surrogate capable of competing effectively wth the 
anahie for a limiting amount of an affmit}* receptor for the anahte, 
the labeled conjugate capable of exhibiting an activit>' that is altered 
on interaction of the labeled conjugate with the affinity receptor 
and which activity can be measured and related to the amount of 
the anaJ\ic present m a given sample; and (b) disposed in a second 
container means the affinity- receptor and, optionally, any substance 
required for the labeled conjugate to exhibit the activit}'. 

Consistent with the objective of the present invention, a 
functional surrogate of an anai>le of interest is provided which 
comprises a peptide having an interactive group that allows the 
surrogate to com.pete effectively with the anaK^e for a limiting 
amount of an affimty receptor for the analvic. For the practice of 
the above-described methods, a further object of the present 
invention is to provide a labeled conjugate comprising at least one 
label attached to a functional surrogate of an analyte of interest, the 
functional surrogate capable of competing effectively with the 
anal\ie for a limiting amount of an affinity- receptor for the anahie. 
the labeled conjugate capable of exhibiting an activity- tiiat is altered 
on interaction of the labeled conjugate with the affinity receptor 
and which activir>' can be measured and related to the amount of 
the analyte present in a given sample. 

The invention also provides recombmant DNA constructs 
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comprisiniz a DNA sequence encoding a functional suTTogate of an 
analyte of interest, the ftinctional surrogate capable of competing 
effectively with the anai>te for a limiting amount of an affimr>- 
receptor for the anahie. DNA constructs compnsing a DNA 
sequence encoding a fusion protein of the functional surrogate of 
the invention are also contemplated, such as a msion protein 
comprising the ftinctional surrogate of the invention fused to the 
primary sequence of an enzyme label in the proximity' of the label's 
active site For example, the fused enz^-me label can exhibit 
giucose-6-phosphate dehydrogenase activit\-. 

Also provided for are transforming vector including the 
functional surrogate or fusion protein construct: a bacteriophage 
transformed by the vector encoding the functional surrogate and a 
microorganism transformed by the vector or infected by the 
bacteriophage. 

Furthermore, it is an object of the present invention to 
provide a method of obiainmg functional surrogate of an analvae of 
interest comprising: (a) selecting an affinit>' receptor exhibiting a 
selective affmity for an analyte of mterest; (b) screening a random 
peptide iibrar>' with the aftlnit>' receptor for a binding peptide: (c) 
isolating the binding peptide and identifying iis primar>' structure. 
Moreover, functional surrogates of afilnitj- receptors which exhibit 
a selective affinitv' for an analvae of interest can be obtained 
similarly by screening a random peptide librar>- with the analvte. 

In the method of the present invemion, the identiiled peptide 
may further be prepared by known techniques, including solid 
phase synthesis and its capacm- to compete with the analyte for a 
limiting amount of the affmir>- receptor confirmed or verified. 
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Alternatively, a synthetic binding peptide's capacit:/ to selectively 
bind to an anal>-te can also be confirmed. Preferably, trie binding 
peptide IS isolated from a phage displayed random peptide library-. 
The contents of such iibranes can be designed and generated by 
icnown techniques. 

The above and odier objects of the invention wail become 
readily apparent to those of ordinary skill in the relevant art fi-om 
the following detailed description and drawings, in which only the 
preferred embodiments of the invention are described and shown, 
simply b>- way of illustration of the best mode of carrying out the 
invention. As is readily recognized the invention is capable of 
modifications withm the ordinary skill of the relevant art without 
departing from the spirit and scope of the invention. 

4. Definitions 

To further assist those interested in practicing the invention, 
the following definitions are provided. 

Acriviry - Any detectable, measurable phenomenon 
attributable directly or mdirectly to the action of a particular 
species, such as the enzymatic activity of an enzyme, the 
anticoagulant activity- of heparin, the absorption spectrum of a 
product produced from a reaction mediated by the species in 
question, the emission specu-jm of a fluorogenic compound, the 
color imensity produced m a chromogenic reaction mediated by the 
species in question, Lhe current produced by an electrochemical 
transformation that can be related to the amount present of a 
species in question, the rate at which a given product is produced, 
photon emission, radioactivity, and the like. In the present 
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mvenhon. the acuvhy wUl be attributable to action of the label or 
the labeled conjugate, inp-a. 

Affimn^ Receptor - A molecule that exhibits a selective 
afnnm. for an analv.e of interest as defined belo^s . Hence an 
affmm- receptor of a given anaine will interact or bind selectivelv 
with that anah.e in the presence of other potential bindin. partners 
An example of a common affinity- receptor is an antibodv against a 
particular antigen or one of a pair of well known affinIt^■ couples, 
such as biotin-avidin or Drotamin--^.-.,.-^^ 

Affinitv- receptors are preferably antibodies, both Dolvclonal 
and monoclonal, but can be any substance, protein, nucleic acid or 
saccharide that binds analyte selectively, preferablv specifi^allv 
Antibodies are produced by introducing an immuno.en into the 
bloodstream of a living animal. For a review of the production of 
antibody reagents, see. Hum & Chantler in "Methods m 
Enz>^moiogy" Vol. 70. Part A, 1980 Academic Press, eds! Van 
Vunakis & Langone, pp. 104-142; Kohler & Milstein Nature 0 975) 
256: 495-497. ' 



Analyte of Interest - Any substance whose detection is of 
•merest to the practitioner. Such substances may constitute both 
small and large molecules, including but not limited to haptens 
inununogens. drugs of abuse, therapeutic drugs, factors, cofactors 
hormones, small and large antigens, various markers, 
immunoglobulins, specific antibodies, proteins, glvcoproteins 
polysacchandes, polynucleotides, iipopolysaccharides. other Iipid- 
containing macromolecuies. and the like. Ideally, affinitv receotors 
of the analytes of interest are available. Most preferablv, anahtes 
of mterest will be any molecule for which a peptide can act a. a 
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functional suxrogate in an assa\ usintz an affinin-' receptor, usually 
an antibod\'. Anahies can be an\' compound of interest ranching 
from small molecule drags and haptens iMW' 100 daitons) to large 
proiems fMWs up to 500,000 daJions) and infectious agents such as 
bacteria and viruses. 

Functional Surrogate - A substance that can serve as a 
mimic or substitute for a naturally occurnng molecule, especially its 
fimctional aspects, such as the ability of that naturally occurring 
molecule to interact or bind selectively with an affmity receptor. 
Hence, a minimum requirement for a functional surrogate may be 
the capacity of the functional surrogate to compete with the 
naturally occurring molecule in question for a limited amotmt of 
affinit}' receptor. It is imponant to note that a functional stirrogate 
may have a molecular structure (e.g., a priman' sequence) that 
corresponds to a continuous or discontinuous epitope of a naturally 
occtu:xing anaiyle. Alternatively, a functional stirrogate may a 
molecular structure that differs substantially from that of the anaiyle 
or an immunoreactive group present in a segment of the analyse. 
Other characteristics or propenies may be desirable in a given 
functional surrogate, including a much reduced molecular size 
relative to the naturally occurring molecule, a selective binding 
affinit>' (KJ for an aiTinity receptor comparable to that of the 
naturally occurring molecule or conversely a dissociation constant 
(KJ from an affmity receptor complex comparable to tiiat of the 
nattirally occurring molecule. The capacity of a functional 
surrogate to exhibit a com.petitive binding profile that compons to 
that obtained from the naturally occurring molecule may also be a 
desirable characteristic. 
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■ .^y of „^,e,. tha, can be anactad coval=„,h. 
or non.c„va e„„, a.o,.„ ™„„ ^^^^^^^^ 

moiei,', such as a func.ional surroEai- ra„ K i 
f,„ Ti,. ^ ' diKcled or accounted 

for. T„e acuon o, a label wi„ g,ve nse ,o a cana,n si.„a, or 
a=t.v.,v. wh,cb caa be .cashed. Labels can be radioi;„,opes 
paramagnetic metals, fluorescent d,es, che™i,u,n.„esce„, markers 
=n^mes, colored or fluorescent panicles (latex panicles, .lass ' 
beads, etc.), and tiic like. " " 

label., Conj.,a.e - molecular e„ti„. that results fr„^ 

molecular " rmtf^TT- ^ , 

comb,nat.o„ of a label and a &.ct,„„al surrogate, labeled 
-...ate will have an ac,iv.,>^ associated ^,h it. „hich acuv,.- 
becomes ahered. .,e,. either tnhib.ted .decreased) or ma^tfled " 
(.ncreased) on interaction of the labeled conjugate wiu, 'attother 
molecular emtty. namely, an affimty receptor f„, a narurallv 
o^urring molecule. Like the unconjugated functtonal sunogate, 
labeled conjugate should also be able to compete effecttvelv 
wth a naturally occuning molecule ..yp.cally, the anaMe of ' 
mterest) for a limiting amount of the affinity receptor. ' 

Naturally Occurrinp^- i,c^^ u 

rring As used nerein to describe a molecule 
anaine or the like, "narurallv occurinn" , 

• uc..jTing can also encompass 
.mnatural'' substances, such as Utose that are man-mad- 
-ombtnant, non-enaogeneous, non-,„digeno„s or a pollutant etc 
The term "naturallv occu^ng" ,s u.ed merely to distinguish the ' 
an^ne substance irom the ^cttonal surrogate or labeled con)t..ate 
or the mvemion. " 
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Brief Descnption of Drawinr"; 

FIG. 1 presents the dose-response curve obtained from 
increasing concentrations of peptide SEQ ID NO:58. serving as a 
proposed flmctional surrogate of hepatitis B sirface antieen 
(HBsAgj. As described in the Examples section, the increasing 
amount of inimobilized fiinctional surrogate of HBsAg allowed 
greater proportions of a fixed amount of goat anti-HBsAg to be 
bound to a solid support, giving rise to an increase in the "activit>-" 
or optical densit>- measurement taken after the addition of a second 
antibody conjugate, rabbit anti-goat IgG horseradish peroxidase, and 
appropriate fiRP substrate. 

FIG. 2 presents the results of competitive ELISA 
experiments that demonstrate the substantial similarit}' of the 
competitive binding profiles exhibited by immobilized functional 
surrogate versus that exhibited by immobilized naturally occurring 
antigen. These results also support the proposition that the 
functional surrogates of the present invention are capable of 
competing effectively with the naturally occurring analyte for a 
limiting amount of affinity receptor (e.g., antibody). 

FIG. 3 presents the Ab dilution curve results for peptide 
bHEPll (SEQ ID NO:74). 

FIG. 4 presents the competitive ELISA results fo: peptide 
bHEPll (SEQ ID NO:74). 

FIG. 5 presents the Ab dilution curve results for peptide 
bHEP2-2 (SEQ ID NO:38). 

FIG. 6 presents the compeihive ELISA results for peptide 
bHEP2-2 (SEQ ID NO:38). 

FIG. 7 illustrates a scheme for the generation of a random 8 
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ammo acid pepude libran. R8C, Oligonucleotides were 
s>'nthes,zed. convened into double-stranded DNA. cleaved ^vith 
restriction enz>-mes. and cioned into the Ml 3 vector. m663. The 
random peptide region is flanked by cysteine residues and is 
situated at the N-tcrmmus of mattn-e protein III. 

FIG. 8 illustrates a scheme for the generation of another 
phage displayed random peptide library^ R26. used in selected 
biopanning experiments. 

FIG. 9 illustrates a scheme for the generation of the D38 
phage displayed random peptide librar}-. 

FIG. 10 illusu-ates a scheme for the generation of the DC43 
phage displayed random peptide libran-. 

^- Detailed De-^criptinn nf -h . Invent.nn 

The mvention relates to functional surrogates, most 
preferably binding peptides isolated from a random peptide llbrar^■ 
useful as substitutes for a naturally occurring molecule that for one 
reason or another (such as undesirable size, unavaiiabilm-. scarcit^O 
cannot be used practically in a given application. Hence, havmn a 
fimctional surrogate in hand, certain methods can be Derformed, 
including, for example, homogenous enzyme immunoassays for 
large proteins. In addition, a host of other techmques prev.ousiv 
only applicable to smaller molecules can now be carried out usin. 
the ftmctional surrogate as a substitute for the analvte of interest.^ 
When the functional surrogate is able to compete effectively for an 
affinity' receptor for the anal>ae. specific affimty binding 
interactions can be detected directly or indircctlv. as ihl case mav 
be. 
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By selecting a suitabie affinity receptor with which to screen 
a random peptide iibrar>' to isolate and identify- bindine peptides, 
functional surrogates of macrorrioiecular anahies of interest can be 
obtained which mimic the binding properties, among other thmcs. 
of the naturally occurring molecule. It is, thus, possible to design 
afiinit\^ assays, such as homogeneous ElAs to measure such 
macromolecuies. After identification, tlie functional surrogates are 
synthesized using conventional techniques, including chemical 
synthesis, degradation of proteins, and in the case of peptides, 
opnonally by recombinant techniques. 

In a specific embodiment of the present invention, peptide 
epitopes (i.e., peptides corresponding to a continuous epitope found 
in an antigen) are isolated and characterized from a random peptide 
Iibrar\'. In other cases, peptide mimetopes (i.e., those peptides 
having a molecular structure that differs from that found in a 
continuous epitope or those peptides having a molecular structure 
that is a composite of the structure of a discontinuous epitope) are 
isolated and characterized from a random peptide librar\'. Hence, 
as used herein the term *'mimetope'' means peptides of a denned 
sequence which mimic the function of epitopes of macromolecuies 
to be measured. 

In a preferred embodiment of the invention, peptides or 
mimetopes of a defined sequence may be used for formatting 
homogeneous enzv'me immunoassays (EIAs) for measurement of 
analytes. The peptides represent specific epitopes on the analytes 
or mimetopes thereof which can be detected with specific affinity 
receptors, sucli as antibodies. 

In general, the functional surrogates are then anached to a 
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label suitable for the detection method of choice. For example, a 
peptide mimetope is conjugated to an enzyme exhibiting giucose-6- 
phosphate dehydrogenase activm-. The labeled peptide conjugate 
can then be exposed to and allowed to interact with polyclonal, 
monoclonal or bispecific antibodies or their fragments, such as Fab' 
or Ffab-), which antibodies sen.e as receptors for the naturally 
occurring anal^e. The complex formed from the interaction. ' 
typically a binding interaction, of labeled peptide with antibody 
results in the inhibition of cnz>'me activit>-. If the activit>' is 
monitored, then the obser^'ed activit>- can be related to the amotint 
of anah.e present m a given sample, especially when the obser^■ed 
actum' IS compared to that observed from at least one control (i.e.. 
a sample with a knouTi amount of analyte. such as below or above 
the detection limit to provide a negative or a positive controD. Of 
course, either specific antibody against the anahte of interest or 
competing analvte in the sample £an be detected m this manner. 
The reaction between labeled peptide conjugate and antibodv. or 
fragment, is relatively selective, preferably specific, and takes place 
preferably, but not necessarily, at the antigen bmdmg site on the 
antibody. 

Peptides of 5-35, preferably less than 15. ammo acid 
residues or more m length that include core sequences representmg 
single epitopes, epitope composites or mimetopes thereof found m 
large molecules can be chemically synthesized. The desired peptide 
sequence is deduced from the nucleotide sequence of DNA inserts 
found m isolated phage clones from phage displayed random 
peptide libraries which bind to the target affinm- receptor following 
the selection procedure, e.g., "biopannmg" experiments. The tarect 
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affinm- receptors are preferably polyclonal antibodies, most 
preferably specirlc monoclonal antibodies. In specific embodiments 
of the invention, individual funcnonal surrogate peptides may 
comam from about 4 to about 1 00 ammo acid residues. Still other 
peptides may have about 35 amino acids or less, such as 6-25 
ammo acids. The number of residues is somewhat variable because 
of the possible conformational requirements of the functional 
binding region of the surrogate and the need in some cases to have 
additional flanicing sequences. Hence, preferred functional 

'^'^ surrogates may have 8-14 ammo acid residues, while others may 

have 8-20 amino acid residues ( see. Tables I and 2). To reiterate, 
the use of the random peptide librar\* means that the possible 
molecular structures of potential binding peptides are not limited to 
or dictated solely by the primar}^ sequence of a protemaceous 

15 anaKie. Consequently, binding peptides can potentially be isolated 

corresponding to knowTi epitopes, to previously unicnowTi epitopes 
or to wholh' imrelated but functionally equivalent structures of 
immunogenic analyte segments. 
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TABLE I. SYNTHETIC FERRITIN PEPTTOES 

fNote: all peptides bear free alpha am.ne and on,<.o, , . 

annotated. I i— i^^.^ ..aiOoxvi, unicss otherwise 
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30 




10 



16 



!7 
18 



_Ac-D-Paia-Bala-SGGRAI FO'; 



! Ac-SGGRALFQS-Bala-paia-D 



Ac-SGGRALFQSD-Pala-Y-Pala 



Ac-SGGRALFQS-eCA-COQH 



LRQPAVSGGR SLFQNLDPSR 
LRQPAVSGGR SLFON7 n^p 



RGGRALFQS-eca-KK 
KK-eca-RGGRALFOS 
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26 


KYGGMSLFQSQMTAGHHAGT 




TAKEGSVGGASLFLELR.^OC 


28 


ESSLFQ 


29 


ECSSLFQC 


30 


EGGASLF 


31 


ECGGASLFC 

1 1 



TABLE 2. SYNTHETIC HEPATITIS PEPTmES 

fNoie. all peptides bear free aipha amine and omeca carDoxyi eroups, uniess 
othertv'ise amioiated. Aiso. all peptides with rwo cysteines are cyiized as 
cystine.) 
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SEQ. ID. NO. 


SEQUENCE 


32 


*CTGPRiiLC 


33 


*SDHPLYSR 


54 


*LPGPPHLS* 


35 


LPGPPHLS 


36 


Ac-LPGPPHLS 


37 


C-oK-LPGPPHLS 




! 

C-oK-LPGPPHLS 


3S 


*C-oK-LPGPPHLS 




j 

*C-oK-LPGPPHLS 


39 


Ac--DC-eCA-LPGPPHLS 





1 

Ac-DC-eCA-LPGPPHLS 


40 


Ac-LPGPPHLS fE 


41 


Ac"LPGPPHLS-Ok-{ {-Ok 


42 


•STTSIGPTK 


43 


RCPSDGNCY 
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1 


•KCTKPSDGNCK 1 


1 *^CTKPSDGNCKJ<: | 

f i 1 


64 


ECTKPSDGNCE jj 


65 


*ECTKPSDGNCE 

! 1 


66 


@ECTK?SDGNCE 
L- 1 


67 


CTKPSDGNCK 
f i 


68 


* CTKPSDGNCK 

1 1 


69 


*@CTRJ>SDGNYC 
" — 1 i 


70 


^CKPSDGNC 


7] 


*CTK?SDGNC 

^ 1 


72 1 


*CPSDGNYC 

1 I 


75 


*CKPSDGNYC 

i ,1 


74 


*@CTKPSDGNYCfa::Y 
^ 1 ^ 



For Tables ] and 2. the symbol refers to a biotm label; 
"@" or "eca" stands for epsilon amino caproic acid; "OK" refers tn 
a "sideways" attached lysine, with the N-terminal peptide bond 
formmg at the epsilon amino group; a "{" symbol refers to a 
branching lysine (MAP."multiple antigemc peptide" tcchnolo^^■ 
discussed further below); "Ac" is an acet>'l group; and 
mtramolecular bonds, U'pically cystine groups, are indicated by the 
solid lines. 
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Accordingly, for example. SEQ. ID No 4. ... 

represented b>. the symbol (U^AJ>4, ru 

attached at the r The stnacture of 

" - a "s.deway." ,ys..e rOK) . 

H.NCH,CH,CH,CHXHrNH,)CONH 

H.NCH,CH,CaCH,CHn^,)CONHrH - CH ' 

ihe use of p .^^u^ _ , 

P=P.«. systems has bee„ desc.'W " 

S.. fo. .3„p,. ^^^^ ^^^^^^^^ ^^^^ 

.0 couple jri " ' - 
P Haptens and arugs to comparable lah-I. c u 

apprelhle .^^^^^^^^^^^ 

a— etc the label, and. hence, the same acttv.^^ 
attributed to the labeled conjugate. 

Tlte use of these peptide epitope/mimetope conjugates 
allows the construction of a varien- nf ,r ■ 

earlier mcludm. ho " "^"^--^ 

mcludmg homogeneous EMIT-type. CEDIA. and "TDX" 
(fluorescence polarization ) assavs for th. 

,.^1 ■ measurement of laroe 

polypeptides and proteins anai>,es. ^ 
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Examples of anal.Mes M-hich may be detected by the method 
of the invention include, but are not Imiited to femtin. follicle 
stimulating hormone (FSHl thyroid-stimulating hormone (TSH). 
human gro.uh hormone fhGH). immunoglobulin E (IgE). prolactm 
parath>Toid hormone (PTH). and human placental lactogen (HPL). 
In the area of fenilit>vpregnancy, human chorionic gonadotropin 
(hCG) and human luteinizing hormone (hLH) can be detected in 
addition to FSH. Infectious agents may also be assayed, including 
cnomegalovirus (CMV), chlamydia, streptomycin A. rubella, 
toxoplasma, herpes, and hepatitis, .^iso. the presence or absence of 
cardia markers, such as CK-MB. myoglobm, myosin light cham, 
and troponin, m addition to tumor markers, such as 
carcinoembryonic antigen (CEA), aipha-fetoprotein (.AFP), PSA. 
and CA125 can be determined. The method of the invention aiso 
avails itself to rapid allergy screening. 

The analytes of interest to this invention are broad and 
vaned. They may be characterized by being monoepitopic or 
polyepitopic. The polyepitopic analytes will normally be polv 
(ammo acids), i.e., polypeptides and proteins, polysaccharides^ 
nucleic acids, and combinations thereof Such combmations or 
assemblages include bacteria, ^•i^uses. chromosomes, genes, 
mitochondria, nuclei, cell membranes, and the like. 

For the most part, the polyepitopic anai.Mes emploved in the 
subject invention will have a molecular weight of at least about 
5-000 more usually at least about 10.000. In the poly(ammo acid) 
category, the polyfamino acids) of interest will generallv be from 
about 5.000 to 5,000.000 molecular weight, more usually fron. 
about 20.000 to 1.000.000 molecular weight: among the hormones 
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of interest, the molecular weights will usually range from about 
5,000 to 60.000 molecular weight. 

The foiiowinn are classes of proteins that are related bv 
siructtire and are potemial anahtes of interest: prolamines, hisiones, 
albumins, globulins, scleroproiems. phosphoproteins. mucoproteins, 
chromoproteins. kipoproteins. nucleoproteins. glycoproteins, 
unclassified proteins, e.g. somatotropin, prolactin, insulin, pepsin. 

In addition, a number of proteins found in the human plasma 
are imponant clinically and include: Prealbumin. .Albumin, a.- 
Lipoprotein. a, -Acid glycoprotein. a,-.\ntitr>T3sm. a,-Giycoproiein, 
Transconin. Postalbumin, a,-glycoproiein. a,^-GIycoproiem. 
Thyroxin-binding globulin, Inter-a-tr>'psm-inhibitor. Gc-globulin. 
Haptoglobin. Ceruioplasmin. Cholmesterase. a;-Lipoprotein(s). a,- 
Macroglobulin, a^-HS-glycoprotein, Zn-a,-glycoprotein, a^- 
Neuramino-glycoprotein. ErNthropoietin. fi-Iipoprotein, Transferrin, 
Hemopexin. Fibrinogen, Plasminogen, B^-giycoprotein 1. B.- 
glycoprotein II, Immunoglobulin G. (IgG) or ,G-globuiin, Mol. 
formula: y,K. or yy^. Immunoglobulin A (IgA). or ,A-globulin. 
Mol. formula: (a,K-)" or ay^f. Immunoglobulin M. (IgM) or M- 
globulin, .Mol. formula: a^^y or {uw^y. Imm-anoglobuiin D (IgD). 
or ,D-Globulin (,D), MoL formula: (6.k.) or (o,/^). 
Immunoglobulin E (IgE), or ,£-Globulin (..£), Mol, formula: (c,k,) 
or {zw^J, Free k and y light chains. Complement factors: C'l (Clq. 
C'lr, Cls). C'2, C3 (R,A. a,D), CM. C'S, C-6, C"?. C'S. C^9. 
Potential anahtes of interest, such as: 



BLOOD CLOTTING FACTORS 


1 Intemaiional designation 


Name 
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1 


Fibrinogen 


II 


Prothrombia 


Ila 


Thrombin 


III 




V and V] 


Proaccelerin. accelerator globulin 


VII 


Proconvenm 


VIII 


.Ajiiihemophilic globulin (AHG) 


IX 


Christmas factor, plasma 
thromboplastin component CPTC) 


X 


Stuan-Prower factor, autoprothrombin 
III 


XI 


Plasma thrombopiastin antecedent 
fPTA) 


XII 


Hagemarm factor 


XIII 


Fibrin-stabilizing factor 



Important protein hormones include: Peptide and Protein 
Hormones such as Parathyroid hormone. (parahormoneV 
Thyrocalcitomm Insulin. Glucagon. Relaxin, Enlhropoietm. 
Melanotropm, (melanocvie-stimulating hormone; mtennedin), 
Somatotropm, (growih hormone). Corticotropin, 
{'adrenocorticotropic hormone). Thyrotropin, Follicle-stimutating 
hormone. Luteinizing hormone, (interstitial cell-stimulating 
hormone), Leuteomammotropic hormone, (luteotropin. prolactin). 
Gonadotropin, (chorionic gonadotropin): 

Tissue Hormones. Secretin, Gastrin. Angiotensin I and 11. 
Bradykinin. Htiman placental lactogen: and Pepnde Hormones from 
the Neurohypophysis, such as Oxytocm. Vasopressin. Releasing 
factors (RF). CRF. LRF. TRF, Somatotropin-RF. GRF, FSH-RF, 
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15 



20 



25 



PIF. MIF. 

Other macromoiecuiar armlytes of interest are 
mucopolysaccharides and polysacchandes. 

Illustrative antigenic polysaccharides derived frorri 

microorganisms are as follows: 




Actinobacillus mallei: 
Aainohacillus whitemnH 



Francisella tularensis 



Pasteurella pestis 



Pasieurella pestis 



Pasteurella muli ocida 
Brucella abortus 



Crude extract 



Lipopolysaccharide 
Polysaccharide 



Polysaccharide 



Capsular antigen 




Lipopolysaccharide 
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5 



10 



Mycobacierium tuberculosis 


Saline extract of 90"/o phenol 
extracted mycobacteria and 
poiysaccharide fraction of 
celis and tubercuiin 


Klebsiella acrogenes 


Polysaccharide 


Klebsiella cloacae 


Polysaccharide 


Salmonella typhosa 


Lipopolysaccharide 
Polysaccharide 


Salmonella typhi-murium; 

ijuifrtunciia aCruV 


Polysaccharide 


LjiLiLrnofiCL Lu pui lOrj/fn 




oni)d,eLia uysenieriac 


rolysaccnariae 


Shigella flexneri 




Shigell sonnei 


Crude, polysaccharide 


Rickettsiae 


Crude exTxacl 


Candida albicans 


Polysaccharide 


Entamoeba histplytica 


Crude extract 



The microorganisms which are assayed ma}' be intact, l}^sed. 
ground or otherwise fragmented, and the resulting composition or 
ponion. e.g., by extraction, assayed. Microorgamsms of interest 
include: Cor\'nebacteria (Cornebacicrzum diptheriae), Pneumococci 
(Diplococcus pneumoniae). Streptococci (Streptococcus pyogenes, 
Streptococcus salivarus). Staphylococci {Staphylococcus aureus. 
Staphylococcus albus) Neissenae (Neisseria meningitidis, Neisseria 
gonorrheae) Enterobactenaciae, (Escherichia call, Aerobactcr 
acrogenes, Klebsiella pneumoniae. Salmonella typhosa. Salmonella 
chloeracsuis. Salmonella typhimurium. Shigella dysemenae. 
Shigella schmitzii. Shigella arabinotarda. Shigella fiexneri. Shigella 
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boydii. Shigella Snnncij: 

Other enteric bacilli. (Proicus vulgaris. Proteus mirabillis, 
Proteus morganu Pseudomonas aeruginosa. Alcaligenes faecalis. 
Vibno choleraei: Hemophiius-Bordetella group (Hemophilus 
influenzae. H. ducreyi. H. hemophilus. H. aesypticus, PL 
paraiufluenzac. Bordetella pertussis). Pasteurellae {Pa.,teureUa 
pestis. Pasteurella tulareusis), Bmceliae {Brucella melitensis 
Brucella abortus. Brucella suisj. Aerobic Spore-formmg Bacilli 
(Bacillus antnracts. Bactllus subtilis. Bacillus megatcnum. Bacillus 
cercus), Aiiaerobic Spore-forming Bacilii (aostridtum botulwum, 
Closrridtum tetan: Clostridium perfringerts. Clostridium no^yi. 
Clostridtum septicum. Clostridium histolyticum Clostridium 
tertium, Clostridum hifermentans Clostridum sporogenesy. 

Mycobacteria (Mycobactertum tuberculosis hominis. 
Mycobacterium bovis. Mycobactertum avium. Mycobacterium 
leprae. Mycobacterium paratuberculosis), Actmomycetes (fungus- 
iike bacteria) (Actmomyccs israelii. Actinomyces bovi.,. Actinomyces 
naeslundii. Nocardia asteroides. Nocardia brasilinesis); 

The Spirochetes (Treponema pallidum. Spirillum minus. 
Treponema pertenue. Streptobacillus moniliformis. Treponema 
carateum. Borreha recurrentis. Leptospira icterohemorrhagiae. 
Letospira canicola). Mycoplasmas (Mycoplasma pneumoniae. Other 
pathogens (Listeria monocytogenes. Ery^sipclothrix rhusiopathiae. 
Streptobacillus momltformis. Donvania granulomatis. Bartonella 
bacilliformisu Rickettsiae (bacteria-like parasites) (Rickettsia 
prowazekii. Rickettsia mooscri. Rickettsia rickettsii. Rickettsia 
conori. Rickettsia australis. Rickettsia sibincus. Rickettsia akari. 
Rickettsia tsutsugamushi. Rickettsia burnetii. Rickettsia quintanay. 
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Chlamydia fCiilamydia agents). Fungi, Cn^piococcus 
neoformans Blastomyces dermatidis. Hisiopiasma capsulatum, 
Coccidioides immuis, Paracoccidioides hrasilicnsis, Candida 
albicans, Aspcrgilus fumigatus, Mucor corymihifer (Absidia 
corymbiferai, Rhizopus ory^zae.Rhizopus arrhizus, Rhizopus 
nigricans, Sporotrichum schenldi Fonsecaea pedrosoi, Fonsecaea 
compacta, Fonsecaea dermadtidis, Cladosporium carrionii, 
Phialophora verrucosa, Aspergillus nidulans, Madorella mycetomi, 
(Madurella grisea, AUcscheria hoydii. Phialosphora jeamelmei, 
Microsporum gypseum^ Trichophyton mentagrophytes, 
Keratinomyces ajelloi, Microsporum canis. Trichophyton rubrum. 
Microsporum andouini): 

Virusss. Adeno\'iruses, Herpes viruses. (Herpes simplex. 
Varicella (Chicken poxj. Herpes Zoster (Shingles), Virus B, 
Cvaomegalovirus), Pox Viruses, ( Variola (smallpox). Vaccinia, 
Pox^.irus bovis, Paravaccinia, MoUuscum coniagiosum),- 
Picronaviruses (Poliovirus, Coxsackievirus, Echoviruses. 
Rhinoviruses): 

Myxoviruses (Influenza (A, B and C). Parainfluenza (1-4), 
Mumps Virus, Newcastle Disease Virus, Measles Virus. Rinderpest 
Virus. Canine Distemper Virus. Respirator}' Syncytial Virus. 
Rubella Virus), .Arboviruses (Eastern Equine Eucephalitis Virus, 
Western Equine Eucephalitis Virus, Sindbis Virus. Chikungimya 
Virus. Semliki Forest Virus, Mayora Virus, Si. Louis Encephalitis 
Virus, California Encephalitis Virus, Colorado Tick Fever Virus, 
Yellow Fever Virus, Dengue Virus). Reoviruses (Reovirus Types 1- 
3), Hepatitis (Hepatitis A Virus, Hepatitis B Virus. Hepatitus C 
\'irus). Tumor Viruses (Rauscher Leukemia Virus, Gross Virus. 
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Maione> Leukemia Virus). 

The monoepitopic Hgand aiiai>aes will generally be from 
about 100 10 2.000 molecular weigh:, more usually from :25 to 
1.000 molecular weight. The anahies of mterest include drugs, 
metabolites, pesticides, pollutants, and the like. Included among 
drugs of interest are the alkaloids, .\mong the alkaloids are 
morphine alkaloids, which mcludss morphine, codeine, herom. 
dextromethorphan, their derivatives and metabolites; cocaine 
alkaloids, which includes cocaine and benzoyl ecgonine, their 
derivatives and metabolites: ergot alkaloids, which includes the 
diethylamide of lysergic acd; steroid alkaloids: immazole alkaloids; 
quinazoline alkaloids: isoqumolme alkaloids: quinoiine alkaloids: 
which includes quinine and quinidine: diterpene alkaloids, their 
derivatives and metabolites. 

The next group of drugs mcludes steroids, which includes 
estrogens, gestrogens. androgens, adrenoconical. bile acids, 
cardiotonic glycosides and aglycones. which includes digoxm and 
digoxigenin. saponins and sapogenins. their derivatives and 
metabolites. Also included are the steroid mimetic substances, such 
a diethyl stilbestrol. 

The next group of dx-ugs comprise cyclic lactams having 
from 5 to 6 membered rings, which include the barbiturates, 
diphenyl hydantoin, and their metabolites. 

The next group of drugs is aminoaklyl benzenes, with alkyl 
of from 2 to 3 carbon atoms, which includes the amphetamines, 
catecholamines, which mcludes cphednne. L-dopa. epinephrine, 
narceme. papaverine, their metabolites and deri\'ates. 

The next group of drugs is benzheterocyclics which include 
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oxazepam, chlorpromazine. t-gretol. imipranaine, their denvaiives 
and metabolites, the heterocyclic rings being azepines, diazepmes 
and phenolhiazines. 

The next group of drugs is purines, which includes 
theophylline, caffeine, their metabolites and derivatives. 

The next group of drugs includes those derived from 
marijuana, which includes cannabinol and tetrahydrocannabinol. 

The nexl group of drugs includes the vitamins such as A, B, 
C, D, E and K. 

The next group of drugs is prostaglandins, which differ by 
the degree and sites of hydroxylation and unsaturation. 

The next group of drugs is antibiotics, which include 
penicillin, Chloromycetin, actinomycetm. tetracycline, terramycin, 
their metabolites and derivatives. 

The next group of drugs is the nucleosides and nucleotides, 
which include ATP, N.AD, FMN. adenosine, guanosine, thymidine, 
and c\lidine uith their appropriate sugar and phosphate 
substituems. 

The next group of drugs is miscellaneous individual drugs 
which include methadone, meprobamate. serotonin, meperidien, 
amitriptyime, nortript>'lme, lidocaine. procaineamide. 
acer\'lprocaineamide, propanoloi. gnseofulvm. butr^'ophenones, 
antihistamines, anticholinergic drugs, such as atropine, their 
metabolites and derivatives. 

The next group of compounds is ammo acids and small 
peptides which include thyroxin, triiodothyronine. ox>iocm, ACTH, 
angiotensin, gemamycm. met- and leu-enkephalin their metabolites 
and derivatives. 
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Metaboiiieii related lo diseased slates include spermine, 
galactose, phenylpvTuvic acid, and porphynn t\'pe 1. 

-'^ong pesticides of interest are polyhalogenated biphenyls. 
phosphate esters, thiophosphates, carbamates, polyhalogenated 
sufenamides. their metabolites and derivatives. 

For receptor analnes, the molecular weights will generally 
range from 10.000 to 2 x 10^ more usitally from 10.000 to 10^ ' 
For immunoglobulins IgA. IgG, IgE and IgM, the molecular 
weights will generaiiy van- from about 160,000 to about 10^ 

tnxs-me anaivtes will normally range from about 10.000 to 
600.000 in molecular weight. Natural receptors var>' wideK'. 
generally being at least about 25,000 molecular weight and may be 
10^ or higher molecular weight including such materials as avidin. 
thyroxine binding globulin, thyroxme binding prealbumin, 
^5 transcortin, etc. 

In addition, numerous hybfidomas have been deposited and 
are available from the ATCC. Such hybridomas produce antibodies 
that can ser^'e as affinity receptors for use in biopanning 
experiments to identify functional surrogates of specific antigens. 
See. for example, ATCC catalog of Cell Lmes & Hybridomas. 7th 
Ed. (1992). See, for example, pp. 319-332 (secreted m.Ab). 

Specific peptides of a deilned sequence can be produced in 
vitro by s>-nthesis or by chemical or enz>'matic cleavage. 
Alternatively, such peptide can be produced w vivo by a natural 
process. The peptides preferably have a MW of about 2000 or less, 
and must be capable of competing effectively m the presence of 
naturally occurring anahle for a limited amount of afnnit>- receptor 
(e.g., antibody). The peptide should preferably exen only a 
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minimaJ effect, if an}-, on the aciiviu- of a labe] when conjugated to 
that label. As staled elsewhere, labels can compnse fluorescent 
markers, enz>'mes. enz>-me substrates, and the like. Examples of 
fluorescent markers mclude fluoresceins, rhodamines, cyanins. 
eosms. and the like. A preferred enz>'me is glucose-6-phosphate 
dehydrogenase. Other suitable candidate enz>TOes are lysozyme or 
beta-gaiaciosidase. A suitable candidate enz>TOe is one whose 
activity is little affected by conjugation to the functional surrogate, 
but is greatly affected by binding of afi~init>- receptor to Lhe labeled 
conjugate. 

Table 3 lists some additional enz>-mes that may he suitable 
for use in the present invention, along u-ith their enz>-me substrates. 
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TABLE 3. LIST OF ENZYMES AND THEIR SUBSTRATES 



^- Hydrolases Carhnhvdrasec 

Ainyiase, Lactase. Maltase. 
Sucrase. Emulsion 



II. Nucl 



eases 



Carbohydrates. Starch, dextnn. 
etc. Lactose, Maltose, Sucrose 
B-GIucosides and derivatives 



Polynucleotidase, Nucleotidase Nucleic acid. Nucleotide 



III. 



Argmase 



20 



25 



30 



35 



40 



.Arginase. Urease, 
Glutaminase, Transaminase 

IV. Purine Deamina5:e<; 
Adenase. Guanase 

V. Peptidases 

Ammopoiuypeptidase, 
Carboxypeptidase. 
Dipeptidase. Prolinase 



VI. 



Proteinases 



Pepsin. Tr\'psin. Cathepsm, 
Rennin, Chymotr\^psin, 
Papain, Ficin 

VII . Esterases; 

Lipase, Esterases. 
Phosphatases. Sulfatases, 
Cholinesterase 



-Amino compounds and amides, 
.Arginine, Utea, Glutamme. 
Glutamic acid, etc. 



Adenine, Guanine 



Polypeptides, Dipeptides. 
Proline peptides 



Proteins, proteoses. Casein 
proteins, peptones 



Fats, ethyl bur>Taate. etc., esters 
of phosphoric acid, esters of 
sulfuric acid. Acetylcholine 
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VIIL Iron Enz\-nigs 



Cataiase. Cvlochrome 
oxidase. Peroxidase 



I^- Copper EnrvTOe^ 

Tyrosinase (poly-phenol- 
oxidase, mono-phenoloxidase, 
Absorbic acid oxidase 



Hydrogen psroxide. reduced 
cviochrome C in the presence of 
oxygen, a large number of 
phenols, aromatic ammes. etc, 
in the presence of H.O. 



Various phenolic compounds. 
Ascorbic acid in the presence of 
oxygen 



ontammL! Co-Enz\'mos I and/or H 



Alcohol dehydrogenase. 
Malic dehydrogenase. 
Isocriterie dehydrogenase. 
Lactic dehydrogenase, 
B-Hydroxybut>Tic dehydro- 
genase, Glucose dehydro- 
genase. Glycerophosphate 
dehydrogenase, Aldehyde 
dehydrogenase 



Ethyl alcohol and other 
alcohols, L( ) Malic acid, 
L-Isocritic acid. Lactic 
acid, L-B-Hydroxybutyric 
acid, D-Glucose, Robinson 
ester (hexose-6-phosphate) 
Glycerophosphate, Aldehvdes 



Enzvmes \^ liich Rednre C\-TochrnT7i^ 

Succmic dehydrogenase Succinic acid 

(as ordinarily prepared) 



XIL Yellow En7\-me^ 

Warburg^s old yellow enzyme 
Diaphorase. Haas enz\^me, 
Xanthine oxidase, D-amino 
acid oxidase, L-.Amino acid 
oxidases, TPN-C\iochrome 
C reductase, DPN- 
Cnochrome reductase 



Reduced co-enz>me IL 
Hypoxanthine xanthine, 
aldehydes, reduced co-en^ATCe 
L etc., D-amino acids^ 0^ L 
amino acids, reduced co- 
enz>'mes II and cnochrome 
C, reduced co-enz>TOes II and 
cnochrome C 
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XIII. H 



10 



20 



30 



^umamse, Aconiiase 

XIV. Mutase.s 

Giyoxaiase 
substituted glyoxals 

X\\ Pesmoia^PQ 

Zymohexase (aldolase). 
Carboxylase, fi-Keto 
carboxylases. Amino 
acid decarboxylases. 
Carbonic anhydrase 



Fumaric acid ^ H.O Citric 
acid. 2-Phosphooiycenc acid 



Methyl glyoxal and other 



Fructose L6-diphosphaie, 
pyruvic acid, li-Keto acids 
L-.^mmo acids. Carbonic 
acid 



^'I- Other Enri> 



mes 



Phosphorylase, Phosphohexdo- 
isomerase, Hexokinase 
Phosphoglucomutase 



Starch or glycogen and 
phosphate, Giycose-6- 
phosphate. Adenosine- 
triphosphate, Glucose- ]- 
phosphate 



AS menuo^ed prev.ous,,, specie bM„, p,p,„„ ^ 
-fin d ^^^^^^^ ^ ^^^^^^^^^ J 

.h.™,ca, d=e.3daUo„ of :na.o.o,=cul=; .„ viv. or in vi„„ 
prodocon b, ..ansf^ed cells, „ssue cultu.. and .a„„.„. 

animals. " 

The spec.Sc bindin, p=p„a,, 3„cb as- any one of those ,is,ed 
m Tables 1 and ■> can <hr„ u. 

,o a ..h . , ■ ™ by convenhonal methods 

. label, p,efe.ab„ an e^e, Co„j.ga„on methods such as 
■Hose d,sc,osed .n U,S, Paten. N„s. .,«3,H3 and 4,550,648 can be 
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used, substituting the desired peptide, with or without the use of 
additional linker groups, for the high molecular weight proteins 
discussed m the exampies provided m these patents, whose 
complete disclosure is incorporated herein by reference. In the 
alternative, the specific binding peptide can be produced by 
recombinant techniques as a fusion protein comprising the specific 
binding peptide and a second polypeptide, preferably an enzvme 
label. Most preferably, a functional surrogate of the present" 
invention is incorporated into the p.^mar. structure of an enzyme. 

^ Ubi^^U ur i>gaiactosiaase, m the proximity of its active 
site. Interaction of the "fusion" enzyme with affinity receptor for 
the functional surrogate would thus lead to inhibition of the enn-me 
activit>'. Hence. DNA consuoicts comprismg DNA sequences 
encoding an enzyme of choice can be modified by convemional 
methods to include a DNA insert encoding a ftinctional surrogate. 
Expressed fusion enzyme can be selected for the desired activity. 
The inhibition of this activm- on exposure of the msion enzyme to 
the appropriate aftmit>' receptor is then observed as in the 
chemically linked combmations of enzyme and nxnctional surrogate. 
See. e.g., U.S. Patent No. 5.362.625 for representative preparative 
recombinant techniques invohing modified erm'mes. 

-And while the functional surrogates can be used in a wide 
variety of affinity assays, homogeneous immunoassays would 
particularly benefit because of the existing inability of such assays 
to provide accurate, sensitive information regarding macromolecular 



anaivtes. 



In a preferred embodiment of the invention, a homogeneous 
fluorescence polarization immunoassa)- method is provided. 



45 



SUBSTmjTE5HE£T(RULE 25) 



wo 96/41172 



PCT/US96/10498 



15 



20 



25 



Fluorescence po,ar>zat.on :mn.unoa.sa>- ,s made passible bv 
the propem. of fluorescence pol^n^tion be:ng affected bv the 
rr.olecula- en^.,ronmen^. The anahae to be measured .usualiv a 
drug, hapten or large molecule m the form of a suiroeate) is 
chemically conjugated to a fluorescent label. A competkton ,s set 
up between unlabeled analv.e m the sample (dr.g. hapten or large 
molecule) and the labeled conjugate for itm.ted antibodv The 
reaction is followed m a Polarization Fluorometer. Using a 
ftmctional surrogate of the large molecule (or of the drug or ham^n 
lor that matter), the fluorescence polarization technique can now b^ 
applied as easily and conveniently to the detection of 
macromolecular analytes. Subsequent combination with an afnnitv 
receptor (antibodv') alters the molecular environmem of the 
fluorophore due to the presence of a large antibody molecule. 
Thus, the polarizing property- of the fluorophore is altered and 
mpnitoring of the reaction and quantitation of analvte can be 
achieved by follouang the fluorescence polarization. 

More preferably a fluorescent labeled peptide serv-ing as a 
fiinctionaJ surrogate of a naturally occurring anah.e ,s used and 
which would compete for limited antibody with the epitope on a 
macromolecular analjae (supplied as sample). 

In a CEDIA format, two fragments (ED and EA) of the 
enz^^me beta-galactosidase are produced by recombinant techniques 
Neither of the fragments alone has enz>-me activIt^^ nuxed 
together the 2 fragments combine to form active enz^-me. .-^alv.e 
to be measured is chemically conjugated to the ED fraement and 
this conjugated ED fragment can still comoine with EA fragment to 
form active enz>^me. However, if ED comugate is bound bv 



46 



SUBSTTTUTE SHEET (RULE 25) 



PCT/US96'I0498 



antibody to anaine then i: is unabie to combine with EA to form 
active beta-galactosidase and produce a signal. In this context, 
"rusion" enz\'me fragments comprising ED fragment fused to 
functional surrogate can also be contemplated. 

Therefore, if a competition is set up betw'een anahie 
(provided ,n a sample) and ED conjugate for limited antibody, the 
presence of anaiyie m the sample would leave ED available to 
combine with EA and give active enzyme. Hence, momtoring for 
beta-galactosidase activity gives a mea.sure of anaijie in the sample. 

- _ a ...^..uaiL-u in Lhc case oi t.\^}^ and Fluorescence 

Polarization, use of small functional surrogate (e^ a peptide) to 
conjugate to the ED fragment that would compete for antibody uith 
the epitope on a larger molecule (supplied as sample), would allow 
for the measurement of larger analytes by CEDIA. 

Accordingly, a method of determining the presence or 
absence of an anaiyte of interest in a sample by an affinity assaj. in 
accordance with the present invention includes the steps of: (a) 
providing (i) a labeled conjugate comprising at least one label 
attached to a functional surrogate capable of competing effectively 
with an anahne of interest for a limiting amount of an affinity 
receptor for the analvie, the labeled conjugate exhibiting an actnity 
that IS altered on mtcraction of the labeled conjugate with the 
affinity receptor and which activit>' can be measured and related to 
the presence or absence of the anaine in a given sample, and (ii) 
the affmit)- receptor; (b) combining the labeled conjugate and 
affmrn- receptor wath a sample suspected of containing the anaiyte 
to provide a measure of the activity: (c) measunng the activity: and 
(d) relating the activity to the presence or absence of the anahie in 
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the sample. In specific embodiments o: the mvention this 
interaction is a binding interaction. Moreover, the functional 
surrogate mav be further characterized as exhibiting a competitive 
binding profile that is substaniialh- similar to that exhibited by the 
anal>ae for the affinit>- receptor. (See. for example, FIGS. 2, 4, and 
6.) In addition, the funcuonal surrogate is further characterized as 
exhibiting a selective binding affimt>' (KJ for the affimt>- receptor 
which is substantially similar to that exhibited by the anahie. 
Hence, while some past work may have used certain octapeptides 
as a substimte for human chononic gonadotropin, the binding 
affinity of the labeled peptide was some uvo orders of magnimde 
less than the binding affinity- of the natural analxae for anti-hCG. 

In a particular method of the invention, step (d). the relating 
step, comprises comparing the activity uith that obtained from at 
least one control to determine the presence or absence of the 
analyte in the sample. Preferably, controls are used, one for a 
negative result and the second for a positive reading. 

As mentioned above, it is preferred that the funciionaJ 
surrogate is obtained by screening a random peptide library' with 
one or more affinity receptors of the analne. 

Most preferabh-, the random peptide Iibrarx- comprises a plurality of 
peptides whose structures are not dictated by the pnmary sequence 
of the anahie. In specific embodimems. the molecular structure of 
the functional surrogate may nonetheless correspond to an epitope 
of the anahte. However, the strucmre of the epitope may have 
been previously unknox.-n and would not have been discovered but 
for the present methods. 

And in other cases, the molecular structure of the functional 
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suTTCoa. differs fron, ,ha, ol = b,„., ,p,„p, ,^ 
case. ,he .m,crurc of the surToga,e ma, a con,oo.he of a 
d.sco„„nuoos ep„„pe or .a, .^p,, „ ^^^^.^ 

w..h ,he naturally .ccurr.r.e sequence s^ure. Hence. ,„ cenain 
ca.es. the moleeuiar structure of the ftmct,or,ai st^o^ate does no, 
.ncluae a prtman- sequence of etgh, or n,orc continuous amrno acid 
res, ues whrch can he fo^d alon^ ,h= „a,ura,,v occun,n.e sequence 
Ol the analyie. 

V^'Tiiie the functional surroaaT. of tu^ i-v^nr,- 

II -^d.^ u.t:: iiivemiun may be of 

size ^^uita^l^ fo^ -a-i^-^ 

- -a„. ro. ..e ..nn.n. assay of choice, it preferabiv has a 

molecula. w.ght of about 2000 daltons or iess. Most preferabiv 

the funcuonal surrogate compnses a pepttde of about 1500 daJtons 

or less. 

In accordance with the .nvention. the prescribed combining 
step mav be carried ou, such tha, ,t tncludes the formation of an 
afimrn^ reeeptor-labeied conjugate complex. The comb.nintz step 
may nrtter com.orise dtsplacng the labeled conjugate from'the ' 
complex uith the analne (i.e.. a sequential displacement step, Stil, 
tn otfter embodiments, the combintng step compnses provtdin,; 
competinon among the analue and the labeled con.ugate for ,'he 
afnmty^ receptor. Moreover, the combining step mav comprise 
.ormmg an affimty receotor-anahne com.plex. Subsequently th- 
combtnmg .step taher compnses forcing an afnmt,- recepior- 
labeled conjugate complex. In yet a more specific embodiment of 
mvention. the combining step compnses (i, m.xtng the aff.nin. 
receptor and sample, and f.i) addmg the labeled conjugate to the ' 
resulting mixture. 

Samples suspected of conratnir^g an ar^alvie of interest may 
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be ,r»n, a w,d. vane.y of .o^,,,, p„ ^^^^^ 
be a b,olog,cal rtuid. includrng bu, no, limhed ,o unn=. semen ' 
sa!.va, sweai, blood, semm. plasma, cerebrosp.nal fluid, .ears 
vagmal or nasal nu.ds. ,„ addh.on. ,he sample m.y be obcamed 
from a cell-free extract. 

In selected embodiments of the invention, the label is 
selected from the group consistmg of a chromogenic gent, a lA^ 

absorber, a fluorescent mol-cul^ ^ r^\. -i 

em moLcule. a chemilummescem compound an 

enz>-me. an enzj.me fragment, an enzs.me substrate, or a group 
bavtng the potential for exhtbiting at least one of the abo^e-rected 
-..vuies ,e.g., aixer cleavage of a bond, Preferablv. the label 
ccntprtses an e^me. most p,e.erablv one that exhibits gi„cose-6- 
Phosphate dehydrogenase ,G6PDH) activity so that the assay can b- 
perfo^ed on a standard cltntc^ chemistr,- analyze. ,f *e en^me" 
has G6PDH a=ti^it,., then a suitable substrate for d,= enzyme would 
.ncuoe glucose-6-phospha,= (06P) and nicotinamide adentne " 
dtnucleotide ,1.AD,. Other suttable enzymes mav be those that 
exhtbit lysozyme activity o, beta-galacosidase activit,^ 

Various methods of measuring the activitv of ihe labeled 
conjugate are available depending „„ the nature of the label For 
example, the activity can be measured as a fitnctton of .he chang- 
m the intenstn. of an absorbance „t ^ emisston spectrun,. as a 
Junctton of the change ■„ ,he polarization or anisotropv of a 
fluorescence spectrunt. as a funaion of the change in ,he nuntber of 
pantcles observed in a san,ple ntixtute, as a functon of *e change 
.n .he amount of a product that ,s produced by a uansfonna.ton 
mediated by the label, as a functton of t.me or a rate of change to 
name a I'ew. " ' 
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As mentioned above, the anaivie can be an>' molecule of 
interest, such as a polysaccharide, a polynucleotide, a glycoprotein 
or a lipid-containing macromoleculc. In preferred embodimems. 
the anal\ie is a fertilit>vpregnancy-related hormone, is related to an 
:> mfeciious disease (e.g., a bacterium or a virus), is a cardiac marker 

or a tumor marker. In still other embodiments, the preferred 
anahles have already available aftlnit>' receptors having a selective, 
most preferably specitlc. binding afilnit}^ for the anahie, including 
certain allergens. The molecular weight of the anahie may var\' 
along a wide range, e.g.. 200 to 500,000 daltons. Preferably, the 
analyte has a molecular weight m the range of about 1.000 to about 
500.000 daltons, more preferably in the range of about 10,000 to 
about 200,000 daltons. However, all anaKies having a molecular 
w^eight in excess of about 100,000 daltons can be detected v,ith the 
15 present method. 

Thus, the present invention provides, if so desired, a method 
of determining the presence or absence in a sample of an antibody 
against an anahie of interest by an affmit\^ assa}' comprising: (a) 
providing (i) a labeled conjugate comprising at least one label 
-0 attached to a functional surrogate capable of competing effectively 

with an anahie of interest for a limiting amount of an antibody 
against the anahae, the labeled conjugate e>diibiting an activin- tliat 
is altered on interaction of the labeled conjugate with the antibody 
and which activity can be measured and related to the presence or 
-5 absence of the analyte in a given sample; (b) combining the labeled 

conjugate with a sample suspected of containing the antibody to 
provide a measure of the activit}-; (c) measuring the activity: and 
(d) relating the activit}' to the presence or absence of the analvte in 
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the sampie. 

In a more specuic embodimem. the invention allows a 
method to be practiced for determining the presence or absence of 
an analvie of interest m a sample b>- an affmit>- assay comprising: 
la) providing a labeled conjugate comprising at least one label 
attached to a functional surrogate capable of competing effectivelv 
with an antibody against an analvte of interest for a limiting 
amount of the analyte, the labeled conjugate exhibiting an activity 
that is altered on interaction of the labeled conjugate with the 
analyte or with an affinity receptor for the functional surrogate and 
which activity- can be measured and related to the presence or 
absence of the analyte in a given sample; (b) combining the labeled 
conjugate with a sample suspected of containing the anahae to 
provide a measure of the activit}-; (cj measuring the activit>'; and 
(d) relating the activit>' to the presence or absence of the analyte in 
the sample. Prsferabh-, the interaction is at least 50% complete 
within about 5 minutes of the initiation of the combining step to cut 
down on incubation times. 

In still another embodiment of the invention, a method is 
enabled for determining the presence or absence of an analyse of 
interest in a sample by an affinity assay comprising: (a) providmg a 
labeled conjugate comprising at least one label attached to a 
functional surrogate of an affinity- receptor for an anahte of 
interest, the functional surrogate capable of competing effectively 
^^^th the affinity receptor for a limiting amount of the anahte. the 
labeled conjugate exhibiting an activity that is altered on interaction 
of the labeled conjugate to the anahie and which activit>' can be 
measured and related to the amount of the analyse present in a 
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given sample; (b) combining the iabeled conjugate with a sample 
suspected of containing the anai\ie to provide a measure of the 
activit;)^; (c) measunng the activit}-; and (d) relating the activir\^ to 
the presence or absence of the anahie in the sample. 
5 In an enz\TOe multiplied immunoassay format, the invention 

provides a method of determining the presence or absence of an 
anahae of interest in a sample by an homogeneous enz}^me affmit}' 
assay comprising: (a) providing (i) an enzyme conjugate comprising 
an enzyme anached to at least one functional surrogate of an 

10 anal\^e of interest, the fimctional surrogate capable of competing 

effectively uith the anaKae for a limiting amount of an affinitA- 
receptor for the anaKae. the enzyme conjugate exJiibiting an activit}- 
that is altered on interaction of the enz\me conjugate to the affinity 
receptor and which activity' can be measured and related to the 

15 amoimt of the analyse present in a given sample; (ii) the affinity^ 

receptor, and (iii) a substrate for ihe<enz:/me: (b) combining the 
enz^TOC conjugate, affinit}' receptor, and enz\TOe substrate v^ith a 
sample suspected of containing the anahie to provide a measure of 
the enTvme activity; (c) measuring the enz}TOe activit>'; and (d) 

20 relating the enz>'me activir\' to the presence or absence of the 

analvie in the sample. 

The invention is also applicable in a fluorescence 
polarization assay in v/hich the presence or absence of an anal>le of 
interest in a sample may be determined by the steps that include: 

25 (a) providing (i) a labeled conjugate comprising a fluorescent 

material attached to a functional surrogate of an anahie of interest, 
the functional surrogate capable of competing effectively with an 
anahie of interest for a limiting amotmt of an alTmit}' receptor for 
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the anah.e. the labeled conjugaK- exi.b.ung an acuv.n. that . 

altered on interaction nf tv.^ - ■ 

- J. .aoeled conjugate with the affinit>- 

receptor and which actn-m- can be measured and related to th'^ 
presence or absence of the anal>.e :n a given santoie. and (ii) the 
afnmt,- receptor; (b) combimng the labeled coniu.ate and aft^nit^. 
receptor .-ith a sample suspected of contaimng the analv.e to 
provide a measure of the activity, (c) measunng the activm^- and 
(d) relating the activity- to the presence or absence of the analvte in 
the sample. 

In a cloned enzj^me donor immunoassay format, a method is 
provided for determimng the presence or absence of an anah.e of 
interest m a sample by an homogeneous cloned enz^™e donor 
afnmt,. assay comprismg: (a. providmg (i) a labeled conjugate 
compnsmg an enz>™e donor fragmem attached to a nmctional 

surrogate of an analvte of intprpcrt fU^ r 

vie 01 mterest, the functional surrogate capable 

of competins effectively with ti,» o i ^ - 

. i^ciive,3 %Mth the anah^e ror a hmitmg amount of 

an afrmtt). receptor for the analvte, the labeled conjugate on 
interaction ..th an enz>^me acceptor fragment. exhibi;n. an activ,t^. 
that is altered m the presence of the aftinit,. receptor and which ' 
activity can be measured and related to the amount of the anah.e 
present m a given sample, ui) the enzv-me acceptor fraement. and 
(m) the afrlnm^ receptor; (b) combimng the labeled coniu.at-^ 
enzyme acceptor fragment, and affinity receptor with a sample 
suspected of contatnmg the analyte to provide a measure of the 
activity; (c) measunng the activity-; and (d) reiatmg the activitv to 
the presence or absence of the anal^e in the sample. 

An affinity' assay kit is also contemplated bv the present 
invention, which comprises: (a) a labeled conjugate diposed in a 
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first container means, the labeled conjugate composing at ieast one 
label attached to a functional surrogate of an ana]>le of interest, the 
functional surrogate capable of competing effective!}' with the 
analyie for a limiting amount of an afilnity receptor for the ana]\ie. 
5 the labeled conjugate capable of exhibitmg an activir>^ that is altered 

on interaction of the labeled conjugate with the affmir\' receptor 
and which activity' can be meastired and related to the amount of 
the anahie present in a given sample; and (b) disposed in a second 
container means the afilnity receptor and, optionally, any substance 

10 required for the labeled conjugate to exliibit tiie activity, such as an 

enzy^me substrate or an enz>^me acceptor fragment. 

Most importantly, in a particular embodiment of the present 
invention, a functional surrogate of an analyie of interest is 
contemplated which comprises a peptide having an immunoreactive 

15 group that allows the surrogate to compete effectively with the 

analyie for a limiting amotmt of an affinity receptor for the anaiyte. 

It has been discovered, for instance, that certain binding 
peptides listed in Tables 6-] 6, include motifs that appear to be 
important to selective binding affinity. Certain of the sequences 

20 flanking the motifs may also be necessary in some cases. 

Specillcally, for ferritin, such motifs may include: AGR^^FH 
CSEQ ID NO:80), HGR.4MFQ (SEQ ID NO:81), GGO->^MFN 
(SEQ ID NO:82), GGSAMFS (SEQ ID NO:83;, GGEALFK (SEQ 
ID NO:84), GGRSLFQ (SEQ ID KO:85), GGMSLFQ (SEQ ID 

25 NO:86), GGASLFQ (SEQ ID NO:87), IGASLFQ (SEQ ID NO:88), 

SSS.ALFQ (SEQ ID NO:89), SNSALFQ (SEQ ID NO:90), 
PQFLAFFQ (SEQ ID N0:91), SINPT (SEQ ID NO:92:), SINGTP 
(SEQ ID NO:93). GGDALFT (SEQ ID NO:94), SGGSSFW (SEQ 
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ID NO:95).GNT\^MFQ (SEQ ID NO:96). FCGAMFC (SEQ ID 
NO:97), SKDSFFQ (SEQ TD NO:98). PAS.AFFQ (SEQ ID NO:99). 
HSSSLFQ (SEQ ID NO:100), NGSSLFN (SEQ ID NO:101), 
GGRAFFL (SEQ ID NO:102), AGR^^FR (SEQ ID NO:103). 
SQSS FQ (SEQ ID NO:104). HSSSLF (SEQ ID NO:105X 
HSSSLFQ (SEQ ID NO: 106). AGAPLFQ (SEQ ID NO: 107), 
RGR^FK (SEQ ID NO:108), GGEVLFK (SEQ ID NO:109), 
GGSA.'^FQ (SEQ ID NO:110), GGE.-4J.FQ (SEQ ID NO:111k 

-_i v^x-s; ixO.ii^), KViiLhQ (SEQ ID NO:! 13), 

AGLALFQ (SEQ ID NO: 114), HSSSFFQ (SEQ ID NO: 11 5), 
SSSAFFQ (SEQ ID NO: 116), PITNMFQ (SEQ ID NO: 11 7), 
AGRAFFR (SEQ ID NO:] 18), GGDALFT (SEQ ID NO: 11 9), 
GGHSFFK (SEQ ID NO:120), GGMSLFQ (SEQ ID NO:121i, 
SGSSMFQ (SEQ ID NO:122), SSSSLFQ (SEQ ID NO:123 ), 
HSSSLFQ (SEQ ID NO:124). CRGSLFC (SEQ ID NO:125), 
'GGM^LFP (SEQ ID NO:126), GGGAMFQ (SEQ ID NO:127), 
RGRAMFK (SEQ ID NO:12S), HSSSMFQ (SEQ ID NO:129), 
GGRSLFT (SEQ ID NO:130). GGASLFL (SEQ ID NO:13I) or 
GARALFL (SEQ ID NO: 132). 

For the hepatitis antigen (e.g., hepatitis A. B or C, but 
especially B), certain motifs include HPLY (SEQ ID NO: 133). 
HPIY (SEQ ID NO:134). GPPHL (SEQ ID NO:135). GPGPL 
(SEQ ID NO:136), GPGHL (SEQ ID NO:137|, GPRHL (SEQ ID 
NO:138), VPPHL (SEQ ID NO:139), PPAHL (SEQ ID NO:140), 
PPPNL (SEQ ID N0:141). ARSDE (SEQ ID NO:142). LRSRE ' 
(SEQ ID NO:I43), LRS.AE (SEQ ID NO:144). KTVLPR (SEQ ID 
NO:145 ), GEVLPK (SEQ ID NO:146). G.AVLPR (SEQ ID 
NO: 147), GAVL.^K (SEQ ID NO: 148). GPKHL (SEQ ID 
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NO:149), GPDHL (SEQ IDNO:150), GPEHL {SEQ ID NO:151), 
STSSIGPLR CSEQ ID NO:152). SNTPRGPLK fSEQ ID NO:153), 
STTSAGPRIC fSEQ ID NO:154j. SGTARGPTK (SEQ ID 
NO:155). SLTSSGPIK (SEQ ID NO:156). RCPSDGNCY (SEQ ID 
NO:157) or RCPSDGLCY (SEQ ID NO:158)- Accordingly, 
preferred binding peptides are those that include at least the 
primar}' sequence motifs depicted in Tables 1-2 and 6-16. 

Furthermore, consensus sequences can be inferred from the 
amino acid sequences depicted in Tables 6-16. Such consensus 
sequences may have a particular residue conser\^ed at a panicular 
position. At other positions, the amino acids may vary within a 
panicular ts'pe of residue, including but not limited to, hydrophobic 
amino acids (such as A, V, L, I, P, F and the like — symbol O), 
hydrophilic residues (e.g., S, T, R, H, D, E, C and the like — 
symbol T), basic residues (e.g., K, R, H — symbol 9), acidic 
residues (e.g.. D. E — symbol cr), aromatic residues (such as F, Y. 
W, H and the like symbol tt) or amide containing residues (e.g., 
N. Q — symbol Qj. Some residues, such as G, C or M may be 
considered either hydrophobic or hydrophilic. The symbol X 
means that a position is not conserved and may include any residue. 

Hence, for a surrogate for hepatitis B antigen, certain 
consensus sequences can be identified, including HP(I/L)Y fSEQ 
ID NO:159). (SEQ ID NO:160). GPXHL (SEQ ID NO:161), 
(.VL)RSXE (SEQ ID NO:162), (SEQ ID NO:163X GX^^Pe (SEQ 
ID NO: 164), STTXXGPXK (SEQ ID NO: 165) or CPSDGNCY 
(SEQ ID NO: 166). Possible consensus sequences for ferritin 
antigen surrogates may include GGX(.VS)LFQ (SEQ ID NO: 167), 
(SEQ ID NO: 168). SIN(P/G)TP (SEQ ID NO: 169), (SEQ ID 

57 



SUBSTITUTE SHEET (RULE 25) 



wo 96/4 n 72 



PCT/US96/I0498 



15 



20 



NO:I70) or GGMALFP (SEQ ID NO:I71). h :s important to ootm 
out, however, that other consensus sequences can be gleaned from 
the sequences presented in the Tables herein. Such sequences are. 
of course, considered part of this invention. 

In addition to the labeled conjugates, the present invention 
also contemplates recombinant DNA constructs which comprise 
DNA sequences encoding a functional surrogate of an anaiyte of 
interest, the functional surrogate capable of competing effectively 

with the analvT? fnr ^ iir^^i^;,,^ r — . 

. - - .....ziiiig amount of an ainiut}' receptor for the 

analvte. In particular, consu^cts comprising DNA sequences, as 
depicted in Tables 6-16, are particularly desired. Preferred 
sequences uill be at least those that encode a pnmary- sequence 
motif of the present invention. 

Transforming vectors or expression vehicles includinc these 
constructs are also contemplated, as well as bacteriophaee a^d 
viable eucary-otic and procaryotic celfs transformed with^such 
vectors or vehicles. Microorganisms can, of course, be infected 
^^'ith the selected bacteriophage, resulting in expression of the 
encoded peptides. For the production of large quantities of peptide 
or fusion proteins including the peptides, yeast vectors can be 
constructed which direct the secretion of encoded peptides into the 
culture medium. (See. for example. U. S. Patent No. 4.546.082. the 
disclosure of which is incorporated by reference herein.) 

It has thus been discovered that functional surrogates of 
naturally occurring anaiytes can be obtained by a method that 
includes the steps of: (a) selecting an affmity receptor exhibitinc a 
selective affinity for an analyse of interest; (b) screening a random 
peptide library with the affinity receptor for a bindin. peptide: (c) 
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isolating the binding peptide and identifying its structure. The 
peptide isolated and identified can then be synthesized and its 
capacity to compete with the anahie for a limiting amount of the 
affmit}' receptor verified. As discussed above, the use of a phage 
5 displayed random peptide Hbrar\* is particularly preferred. 

The preparation and characterization of the preferred phage- 
displayed random peptide libraries have been described elsewhere. 
See. for example, Kay, B.K. et al. in Gene (1993) 128:59-65 and 
International A.pplication No. PCT/TIS94/0977, for a description of 
1 0 the preparation of phage-displayed random peptide libraries. For a 

description of the libraries kno\NTi as R8C, D38. and DC43, see 
below. In particular, by cloning degenerate oligonucleotides of 
fixed length into bacteriophage vectors, recombinant libraries of 
random peptides can be generated which are expressed at the 
15 amino-terminus of the pIII protein on the surface of Ml 3 viral 

particles. (There are 3-5 copies of the plll-fusion on the surface of 
each particle.) Phage display offers several conveniences: first, the 
expressed peptides are on the surface of the viral panicles and 
accessible for interactions: second, the recombinant viral panicles 
are stable (i.e.. can be frozen, exposed to pH extremes): third, the 
viruses can be amplified: and fourth, each vix^al panicle contains the 
DNA encoding the recombinant genome. Consequenth', these 
libraries can be screened by isolating viral panicles that bind to 
targets. The isolates can be grown up overnight, and the displayed 
^5 peptide sequence responsible for binding can be deduced by DNA 

sequencing. 

These libraries have approximately >10^ different 
recombinants, and nucleotide sequencing of the insens suggests that 
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the expressed peptides are indeed random in ammo acid sequence. 

6. Examples 

The following Examples are provided lo assist the reader 
^ further, which Examples describe selected materials, compositions. 

and methods for use in particular embodiments and which are 
illustrative of the invention, as a whole. 

Examples of materials used in the methods of the invention 
are set forth below. 

t r\ 
iU 

Chemicai Reagents 

lOxPBS; Dulbecco-s PBS x 10 (JRH Biosciences. Lenexa, KS. Cat 

# 59331-78P) 

PBS; phosphate buffered saline (1-10 dilution in water of 
Dulbecco's lOx PBS) 

BSA; bovine serum albumin (Sigma, St Louis, MO; Cat # A7906) 
Tween 20; poiyoxyethyiene sorbitan monoiaurate (Sigma, St Louis. 
MO; Cat # PI 379) 
PBS/BSA; PBS with 1% BSA 
PBT; PBS with BSA (1%) & Tween 20 (0.05%) 
X-Gai: X-Gal (Jersey Lab. Supply; Livingston. NJ; Cat ^ X266) 
DMF; dimeihyi formamidc (Sigma, St Louis. MO; Cat # D4254) 
X-Gal solution; 2% X-Gal in DMF 

TMB; tetramethyl benzidme substrate (KPL. Gaithersburg. MD; Cat 

* 50-76-00) 
2xYT broth; 

Sirepiavidin-coated microtiter plates; Reactibind (Pierce. Rockford. 
IL. Cat if 15120) 
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Microtiicr plates (immulon 4, Dynatech. Chantiiiy. VA; Cat 5^ Oil- 
010-3855) 

DH5xF'; £. coli cells 

IPTG; isopropyl-B-D-thiogaiaciopyranosidase ^Jersey Lab Supply, 
Livingston. NJ; 

Cat # 1555) 
IPTG solution; 100 mM IPTG in water 
SM buffer 

G6PDH: glucose 6 phosphate dehydrogenase fSi.mia, St. Louis. 
MO; Cat # G5760) 

NHS: N-hydroxysuccimmide (Sigma, St. Louis, MO; Cat # H7377) 
DCC: dicyclohexylcarbodiimide (Sigma, St. Louis. MO: Cat P 
D3128) 

DMSO; dimethylsulfoxide (Sigma, St. Louis MO; Cat # D5879) 
Tris; TRIZMA base (Sigma. St Louis, MO; Cat r^=^ T8524) 
G6P; glucose 6 phosphate, sodium salt (Sigma. St. Louis, MO; Cat 
# G7879) 

Carbitol; diethyleneglycoi monoethylether (Sigma. St. Louis, MO.; 
Cat D1265) 

NADH; nicotinamide adenine dinucleotide, reduced form (Sigma. 
St. Louis, MO; Cat p N60Q5) 

PEG; polyethylene glycol ave. MW 8000 (Sigma, St. Louis. MO: 
Cat P2I39) 

NaCl; sodium chloride (Sigma, St. Louis, Mo.: Cat n S9625) 
PEG/NaCl; 20% PEG 8000 in 2.5 M NaCl 

Immuno Reagents 

Affinity purified goat anti-HBsAg (OEM Concepts, Toms FJver, 
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NJ; Cat if G5-VI8) 

Affinity punfied sheep ant.-femtir. TThe Binding Sue. Sar. Dieeo. 
CA; Cat # AU055) 

Monoclonal mouse anti-HBsAg (OEM Concepts. Toms River. NJ; 
Cat ii M2-V18) 

Goat anii-mousc igO HRP conjugate (OEM Concepts. Toms River 
NJ.; 

Cat ff G5-MG16-2) 
Rabbit anti-goat IcG HRP cnn„m^T» ,-r,irx^ ^--r,-- . - 
NJ: 

Cat ^ R5-GG10-2) 

Rabbit anti-sheep IgG HRP conjugate (OEM Concepts, Toms 
River, NJ; 

Cat #R5-SGlO-2) 

Normal non-immune mouse IgG (OEM Concepts. Toms River. NJ: 
Cat ? M6-G10) 

Normal non-immune goat IgG (OEM Concepts, Toms River, NJ- 
Cat 5a G6-GI0) 

Normal non-immune sheep IgG (OEM Concepts. Toms River. NJ- 
Cat ^ S8-G10) 

rHBsAg: recombmant HBsAg AY antigen (OEM Concepts. Toms 
River. NJ; 

Cat * H7-V57) 

Ferritin antigen (OEM Concepts. Toms River, NJ; Cat ^ H6-M05) 
Rabbit anti-M]3 HRP conjugate (Pharmacia. Piscatawav. NJ. Cat # 
27-9402A) 



Phase Display T.ihrari>. 



es 
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The following Libraries were used for biopanning with 
mouse anti-HBsAc and goat anti-HBsAg: R8C and R26. 

For biopanning with sheep anti -ferritin, the following 
libraries were used: D38; DC43; and R26. 
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Preparation of a Phanp Display Random Pep tidp 
Li bran.' 

General Sy nthesis anri Assembly nf 
Qiigonucieotidet: 

Random sequence oligonucleotide inserts flanked by 
selected cloning sites were synthesized with an applied Biosystems 
380a sNTithesizer (Foster Cit>', CA), and the full-length 
oligonucleotides were purified b\' HPLC. 

Five micrograms of each of the pair of oligonucleotides 
were mixed together m buffer (10 niJv4 Tns-HCl. pH 8.3. 15 mM 
KCl, 0.00 P/o gelatm. 1.5 mM magnesium chloride), with 0.1 % 
Tnton X-100. 2 mM dNTP's. and 20 units of Jaa DNA 
polymerase. The assembh- reaction mixmres were incubated at 72 
°C for 30 seconds and then 30 °C for 30 seconds; this cycle was 
repeated 60 times. It should be noted that the assembly reaction is 
norPCP^ since a denaturation step was not used. Fill-in reactions 
were carried out in a thermal cycling, device (Ericomp. LaJoIIa. 
CA) with the following protocol: 30 seconds at 72 =C. 30 seconds 
at 30 ^C. repeated for 60 cycles. The lower temperature allows for 
annealing of the six base complementar>' region between the two 
sets of the oligonucleotide pairs. The reaction products were 
phenol/chloroform extracted and ethanol precipitated. Greater than 
90% of the nucleotides were found to have been converted to 
double stranded synthetic oligonucleotides. 

After resuspension in 300 ^L of buffer contaimng 10 mM 
Tris-HCI. pH 7.5. 1 mM EDTA (TE buffer), the ends of the 
oligonucleotide fragments were cleaved urii Xba I and Xho I (T^'ew 
England BioLabs. Beverly. MA) according to the supplier-s 
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recommendations. The fragments were puriiled 4^o agarose eel 
electrophoresis. The band of correct size was removed and 
electroeiuted. concentrated by ethanol precipitation and resuspended 
in 100 uL TE buffer. Approximate]}' 5% of the assembled 
oligonucleoiides can be expected to have mtemal Xho I or Xba I 
sites: however, only the full-length molecules were used in the 
ligation step of the assembly scheme. The concentration of the 
synthetic oligonucleotide fragments was estimated by comparing the 
mtensirs' on an ethidium bromide stained gel run alone w^th 
appropriate quantitated markers. All DNA manipulations not 
described in detail were performed according to Sambrook. et al., 
infra. 

To demonstrate that the assembled enz\'me digested 
oligonucleotides could be Iigated, the synthesized DNA fragments 
were examined for their ability to self-Iigate. The digested 
fragments were incubated overnight at 18 '^C in ligation buffer with 
T4 DNA ligase. \\'lien the ligation products were examined by 
agarose gel electrophoresis, a concatamer of bands was visible upon 
ethidium bromide staining. As many as five different unit length 
concatamer bands fi.e.. dimer, irimer, letramer, pentamer. hexamer) 
were evident, suggesting that the synthesized DNA. fragments were 
efficient substrates for ligation. 

6-1.2. Construction of Vectors 

The construction of the MI 3 derived phage vectors 
useful for expressing a random peptide librar}^ has been recentiv 
described (Fowlkes, D. et al. BioTech. (1992) 13:422-427). To 
express the librar\-. an MI3 derived vector, m663, was constructed 
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as described in Fowlkc^ Th^^ mr,A-, , , 

Kc... ih. m66.. vector coniams ine pHl gene 

having a c-myc-epiiope. i e as a -?nifr»r fr. 

p -L... as a stutier fragment, introduced at the 

mature N-termma! end. flanked bv Ann I and ^T,^ I -c~^r., • " 

■ - .Oc. 1 iC:,triciion sites 

(See also. Figure I of Fowlkes). 

g^Mglon_of the RanHnn. P^_:::::^Mifarau 
The synthesized oligonucleotides were then ligated to 
A7.0 1 and A.. I double-digested .663 RP DNA containing the pHI 
gene TFowlkes) by incubation ..th ligase overr.ght at 12 X Mor^ 

particularly. 50 nc nf v^^rr^. nxj ! 

. . ONn and 0 ng ot the digested 

s.vnthes.ed DNA .d were mixed together m 50 ,uL iigation buffer 
(^0 mM Tris. pH 8.0. ,0 mM MgCl, 20 mM DTT. 0.1 mM ATP) 
wuh T4 DNA ligase. After overnight ligation at 12 the DNA 
was concentrated by ethanol precipitation and washed with 70% 
ethanol. The Iigated DNA was then introduced into £ coif 
(DHSaF-; GIBCO BRL, Gaithersburg, MD) electroporat.on. 

A small aliquot of the electroporated cells was plated 
and the number of plaques counted to detennine that 10« 
recombinants were generated. The librar>- of £. coli cells 
containing recombinant vectors was plated at a high densitv 
M00.000 per 150 mM petri plate) for a single amplitlcation of the 
recombinant phage. After 8 hr. the recombinant bacteriophage 
were recovered by washing each plate for 18 hr with SMG buffer 

(100 mM NaCl. 10 mM Tris-HCI dH 7 s in ^ 

nui, pH 7.i, 10 mM MgCL 0.05% 

gelatin) and after the addition of glycerol to 50% were f^z^n at 
SO °C. The librarv- thus formed had a working titer of , 
pfu/ml. 
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Preparation nf T?»r ] ^^r^ 
Referring now to Figure 7. two oiigonucleotides were 
synthesized on on Applied Biosystcms Mode! 380a machine with 
the sequence 5'- 

TGACGTCTCGAGTTGTm'KN^^KK^^KJsTNKNNKKrNKNNKNN- 
KTGTGGATCTAGAAGGATC-3- (SEQ ID m:l72) and 5'- 
GATCCTTCTAGATCC-3- (SEQ ID NO: 173). where N is an 
equimoiar ratio of deoxynucleotides A. C. G. and T. and K is an 
equimoiar ratio of G and T. Fift>' pmo! of each oiigonucleotide 
was incubated at 42 °C for 5 mm. then 37 °C for 15 minutes m 50 
of Sequenase™ buffer (U.S. Biochem.cais. Cleveland. OH) with 
0.1 Mg/^L acetylated BSA. and 10 mM DTI. After annealme, 10 
units of Sequenase^ (U.S. Biochemicals) and C.2 mM of each 
dNTP were added and incubated at 37 °C for 15 mm. The sample 
was then heated at 65 =C for 2 hr. digested with 100 units of both 
Xho I and Xba I (New England BioLabs, Beverly, MA), phenol 
extracted, ethanol precipitated, and resolved on a 15% non- 
denaturing poiyacrylamide gei. The assembled, digested fragment 
was gel purified prior to ligation. The vector. m663 (Fowlkes D 
et a!. Biorech. (1992) 13:422-427). was prepared by digestion w-ith 
A-ho I and Xba i. calf alkaline phosphatase (Boehringer Mannheim. 
Indianapolis. IN) treatment, phenol extracted, and purified bv 
agarose gel electrophoresis. To hgate. 20 vector was combined 
with 0.2 msen in 3 ml with T4 DNA ligase (Boehnnger 
Mannheim), according to the manufacturer. After removal of the 
protein and buffer by phenol extraction and ethanol precipitation, 
the iigated DNA was electroporated into XLl-Biue E. coli 
(Stratagene. San Diego. CA) and plated for eight hours at 37 °C. 
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To recover the recombinant phage, the top agar was collected with 
a spatula, mixed with an equal volume of 100 mM NaCl. 10 mM 
MgCl,. and 50 mM Tns-HCI (pH 7.5). and disrupted by two passes 
through an 1 8-gauge syringe needle. The bacterial cells were 
removed by centrifugation. and , phage panicles were collected by 
polyethylene glycol precipitation and stored at -70 '>C in 25% 
glycerol. The librarv' had 10^ total recombinants and a working 
titer of 6 X 10'^ pfu/mL. 

Members of the librar>' were checked for inserts by the 
polymerase chain reaction (Saiki. ei al. Science (1988) 239:487- 
491). Individual plaques on a psiri plate were touched with a 
sterile toothpick and the tip was stirred into 2xYT with F* E. coli 
bacteria and incubated overnight at 37 with aeration. Five 
microliters of the phage supernatant were then transferred to new 
tubes containing buffer (67 mM Tris-HCl, pH 8.8/10 mM 
P-mercaptoethanol/16.6 mM ammonium sulfate/6.7 mM EDT.V50 

bovine serum albumin per mL), 0.1 mM deoxynucleotids 
triphosphates, and 1.25 units of Taq DNA polymerase (Boehringer 
Mannheim. Indianapolis. IN) with 100 pmoles of oligonucleotide 
primers. The pnmers flanked the cloning site in the pIII gene of 
m663 (5--TTCACCTCGA.^GCAAGCTG-3' (SEQ ID NO: 174) 
and 5'-CCTCATAGTTAGCGTAACG-3' (SEQ ID NO:175)). The 
assembly reactions were incubated at 94 °C for 1 mm. 56 °C for 2 
min. and 72 °C for 3 min; this cycle was repeated 24 times. The 
reaction products were then resolved by electrophoresis on a 
NuSieve 2.0% agarose gel (FMC. Rockland. ME). Gels revealed 
that for 20 plaques tested, al! were recombinant and had single 
insens of the expected size. 



68 



SUBSTITUTE SHEET (RULE 25) 



PCT/t]S96/|04g^{ 



The R26. D3S. aiid DC4? libraries were prepared simuariy 
based on the schematic provided in FIGS. 8, 9. and 10. 

6.3. Bionanninr 

Biopanning was carried out on microliter wells that had 
been coated with lOOuL of immune antiserum (e^, mouse 
monoclonal anti-HBsAg) diluted in PBS to 5 ug/mL. The wells 
were blocked with 100 uL PBS/BSA overnight at 4 °C. washed 3x 
with 200 uL PBS/BSA, then banged dr>' on paper toweis. 

Phage libraries to be r^anned poo 
approximately 10- to lO" pfu per 40 uL. Diluted phage library- 
(40^L) was added to each well, the piate covered, and allowed to 
incubate on a rocker for 1 hr at room temperature. 

The contents of the wells were dumped, and the wells 
washed I Ox with 200 PBS/BSA, then banged dry on paper 
towels. Bound phage was then eluted by adding 50 of 0.05 M 
glycine pH 2.0 to each well and incubating for 5 mm at room 
temperature on the rocker. 

50 uL of 0.2 M Phosphate pH 7.6 was added to a separate 
tube and, after the 5 minute incubation, the 50 of eluted phase 
(in the glycine pH 2.0) was added to the 0.2 M phosphate pH 7.6. 

isolation and Charactenz^rinn AntihoHv Rinnin„ 
Phage from Librarj e^ 

To illusu-ate the invention, antibody (monoclonal mouse 
anti-HBsAg or affinity purified polyclonal goat anti-HBsAg or 
affinity purified sheep anti-human ferritin) was used to biopan Lhe 
libraries. Three (3) rounds of biopamnng were performed, and 
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b.nders w„c ^pM., „„„ ^^^^ 

.ro™ in ,„uid cu„ure ovenu.h, a, 37 X and assaved ,„ d,e MI3 
Phag= ELISA ,0 de»m,in. sp..,fic bind.ng ,„ anUbodv. 

DNA from ^siuvc clones was isola,ed and sequenced The 
sequences were *e„ exa„„ned .a„^„, and any consensus .no.ifs 

Qetermmed. 

6-5. ELISA fo r Ph^n^ \/t^ 

^ Specie phage binders were confirmed with a. ELISA for 
MI.. The assay was perfonned on phage cuhures that had been 
grow., overnight from the 30 plaques that had been nicked 
individually after the 3rd round of biopanning. 

Alternate rows of a microtiter plate were coated wtth 50 uL 
of tmmune antibody at 5 ,g/n.L m PBS (e.g.. n.ouse anti HBsAg) 
appropriate nonimmune IgG at 5 ,g/:.L tn PBS. and PBS/BSA for 
one hour at room temperature. The solutions were dumped and the 
wens locked for a mm.mum of one hour at room temperature w.th 
^00 ,L PBS/BSA. The solutions were dumped, the wells washed 
wuh 200 PBS/BSA, and then banged dry on paper towels 
Pnage to be assayed (phage growth medium supernatant 
from a 6h hquid growth) was diluted MOO m PBS/BSA and 100 

of th. diluuon was added to each of 6 wells - 2 coated with 
■rmnune IgG. 2 coated w.th nonimmune IgG, and 2 coated with' 
BSA; :.e., each phage sample was assayed in dupl.cate. w,th non- 
specfic bmdmg (KSB) controls of nonimmune serum and BSA 
Tne plate was mcubated at room temperature for I hour 
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tnen washed 3x with 200 ^L PBS,T3SA and banged dr>' on paper 
rowels. 100 uL anti-M15 HRP (diluted 1:8000 in PBS/BSA) was 
added to each welK the plate incubated for 1 hour at room 
temperature, then washed 3x with 200 uL PBS,^SA and banged 
dry on paper towels. 

100 |j.L TMB substrate was added to each well and the blue 
color allowed to develop for about 5 minutes. The plate was then 
read at 620 nm on the SLT 340 ATTC or Magnetic Devices V max 
Microplate Reader. 

Positive phage were identified as binding to the antibody 
coated well^, but not the wells coated wuth non-immune IgG or 
BSA. 

6.6. Phage Ampiification 

Phage amplification on plates and in liquid was carried out 
as described, McConnell, SJ., Uveges, AJ.. & Spinella, DG, 
Biotechniques (\99S) 18:803-806. 

When amplification was used in between rounds 1 and 2 of 
biopanning, debris was removed from solution by centrifugation at 
1000 rpm for 10 minutes at 4 ''C. then phage was precipitated v^ith 
0.2 vol PEG.^'aCl for 2h on ice. Supernatant was removed after 
centrifugation at 1 0,000 rpm for 1 5 minutes at 4 "^C and phage 
dissolved in 100 uL of PBS.^SA and transferred to a microtube. 
The solution was clarified by centrifugation (10.000 rpm, 10 
minutes) and used immediately. 

6.7. DNA Sequencing 

DNA sequencing of phage clones contlrmed positive from 
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Ui= random peptide insen. 

Single stranded DNA ,e,npla,e was prepared usino ,he 
Dynapeads - lacZ ssM , 3 Pur,nca,i„„ Ki, (Applied ^ 
B.osys.ems'Perkin Elmer, F„s,er C„y. CA. Ca, . 40,436) 
-cord,ng ,„ the protocol provided by ,he manufacta^r 

DNA sequencing was perfom,ed on a model 373A DNA 

(App,.ec Btosysrems-Perlun Elmer, Foster Cir>. CA- Ca, * 

' It.. DNA sequence, and determine the deduced 
-.no acid sequence of me randon, peptide insen. 

With n,o , ''™' '""^= parked 

* — 'ona, anti-HBsAg were R26 and R8C. T^e scq.,e„ces 

- .o„se„s„s tnotifs are Show. ,„ Table 4. Prop, a total or 

cTlT"" " ^'"""^ — ^ -"'^^ 

2 = -0--.zed. With only three sequences no, contatning any 

on ofthe HBsAg p„.a. sequence, hence .ese ntotirs were 

-garded as mimetopes. 



Libraries giving pos.t.ve phage binders when panned 
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^v^th goat anii-HBsAg were R26a. b. c & d. and R8C. The 
sequences and consensus motifs are shown in the Table 4. From a 
total of 12 unique rnon-sibhng) sequences examined, two consensus 
motifs could be recogmzed. The four Ml 3 ELISA positive phage 
from the R8C Librar)- failed to give any consensus motif that could 
be recognized. 

Both of the motifs appeared to match a ponion of the 
HBsAg primary- sequence, hence these motifs were regarded as 
epitopes. Only the R8C Library- failed to produce any consensus 
motif from the Mi3 ELISA confirmed positive binders, 

6.8. Solid Phase Pentide Svnfh^ci^ 

Consensus peptide motifs deduced from DNA sequencmg 
were assembled using a modification of Merrifield's solid phase 
method (Merrifield. 1963) using either standard HBTU chemistry 
on a Model 430A Peptide Synthesizer (Parkin Elmer/Applied 
Biosystems, Foster City. CA) or using the same chemistry on a 
Symphony Multiple Peptide Synthesizer (Rainin/PTL Wobum. MA) 
Resin used for assembly was Tentagel S RAM (Tubingen. 
Germany). 

9-Fiuorenylmethoxycarbonyl (Fmoc) deri%-atives of amino 
acids were used throughout, with side chains blocked by t-butyl 
type moieties. The same HBTU chemistry was used to add biotm 
at the amino terminus of some peptides. Stepwise reaction 
efficiencies were monitored by ninhydrin (Kaiser, 1970). and were 
typically >95%. 

Resin cleavage and side chain deblocking were performed 
simultaneously for 120 minutes at room temperature using reagent 
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perlormed after cieavaoe lo remnv. 

''tc lo remove scavengers. 

Peptides were desai.ed purified v,a nrer,ara,K.. 

P-e HPLC .efore ,vopM.z.„o„ and stora.e a " 

Ammo ae,d anaK.es ,A^., „.re cJT 

. were carried out on a Beclcman 

Systerri Gold (Beckmart. Fulienon CA^ fv 
u, , , . "''cnon. LA) after vaoor phase HCl 

hydrolysis (Meltzer 198^- f 1,. c P ^se rtu 

p=*™=.vMse.:;s;c:::~'^^^^^^ 

■2iiaation_ofPeDtides 

P o.u. witii I /o acetonitriie added as 
annm,crobial. The ™ix,ure was stoppered loos-iv , 

avowed .0 s„r ,e„,, . J^,^ ^ ' 
Ox.da«o„ „as a„owed .o proceed r , 7l 

196.1> ,„ . . ""^"beiuoic acid) (Deakin 

1«3) ,0 deiermme tlie end-poinl. 

wnth..' tLlSA. Var>'ing amounts of 

->o»,s of add-d al, od t "'"""^ °' ^•^^'"^ 

was de.ec.ed Ji ^ ^ '^V™""'"^" ^^'^^^ 

FIG , the ' in 
.h?.r a! """" " ^" -"0- Piate. 
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synthetic peptides of the present invention exiiibit tl^ie selective 
binding characteristics expected of a functiona] surrogate for 
naturally occurring hepatitis B surface antigen. Similar results are 
showTi in FIGS. 3 and 5. 

6.10.1 Immohilization of Riotinvlated Peptides 
Biotinylated peptide was diluted in PBT and coated 
onto streptavidin plates at 4'*C overnight. lOOuL of diluted solution 
was used per well. The contents were dumped, the plate washed 
3x with 200 uL PBS/'BSA/T, and banged dr\' on paper towels. 

6.10.2. Immobilization of Non-Biotinvlated 
Peptides With Carbodiimide 

Non-biotinylated peptides were immobilized onto 
microtitcr plates using CD! by the method of Dagensis, P., in Anal, 
Biochm. (1994) 222:149-156. Irrespective of the immobilization 
procedure, the subsequent assay was carried out as follows: 

6.10.3. Assay Procedure 

Primar>' antibody (e.g., mouse anti-HBsAg) was 
diluted in PBT. 100 f^L of each dilution was added to appropnate 
wells and incubated at room temperature for one hour on a rocker. 
The contents were dumped, the plate washed 3x v.'ith 200 
PBS.^SAT. and banged dr>' on paper towels. 

Appropnate 2nd Ab HRP conjugate (e.g., goat anti-Mouse 
HRP) was diluted 1:15,000 in PBT, 100 i^L added to each well, 
and incubated for one hour at room temperature on a rocker. The 
contents were dumped, the plate washed 3x with 200|j.L 
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PBS,^SA.-T, and banged dr>' on paper loweh. 

100 nL of TMB substrate was added to each well aiid allow 
to develop for 15-30 minutes at room temperature. The plate was 
then read at 650nm on the SLT 340 ATTC or Magnetic Devices V 
max Micropiaie Reader. 

gLISAs for Antmcn H^na tr^ mobiiized Antigen 
Bmdmg Peptide 

The abilit}' of a synthetic bmding peptide to act as a 
i'.nct.onal surrogate of the natural antigen was demonstrated by 
constructing competitive and sequential ELISAs for antigen using 
eidier immobilized antigen or synthetic peptide bound to a solid 
phase. The resulting competitive binding profiles for three selected 
synthetic peptides are presented in FIGS. 2, 4 and 6, As illustrated 
in these figures, the functional surrogates of the present invention 
can compete effectively for limited antibody in the presence of 
naturai whole antigen. 

6.11.1, Immobilization of Antigen. Biotinvlated and 
Non-Binrinvlated Ppp tiri>»c 

VvTiole antigen was diluted in PBS and immobilized 
onto microtiter plates using passive adsorption at 4 °C overnight. 
Biotinvlated peptides were immobilized on streptavidin coated 
plates, and non-biotinyiate peptides were covalentl>- bound using 
GDI. as previously described. 



76 



SUBSTITUTE SHEET (RULE 26) 



wo 96/411 "2 



PCT/US96'I049S 



' ^ sequential 



15 



20 



25 



Seouentia! FT ic;^ 
Antigen and antibody were diluted m PBT Equa> 
voiut.es of each antigen concentration ar.d antibodv solution were 
mixed in separate glass 12 x 75 mm tubes and incubated at rootn 
temperature for 90 minutes. Triplicate ,00 ,L ponions of each 
mixture were added to appropriate wells of a microtiter plate at,d 
incubated at room temperature for 2.5h on a rocker. 

The subsequent procedure was used irrespective of 

immobilization method or whether tt^° •'^..v 

i'<-uj.j u,_ assay wa.s competitive or 



The contents were dumped, tlte plate washed 3.x w.th 200 
uL PBS/BS.A.T. and banged dr>. on paper towels. 

The appropriate second Ab HHP conjugate was diluted 
I.I5000 m PBT. and 100 of the diluted solution was added to 
each well. The resulting mixture was incubated for one hour at 
room temperature on a rocker. The contents were the dumped, the 
Plate washed 3x with 200 ,L PBS/BS.^T, and banged dr>- on 
paper towels. 

100 uL of TMB substrate was added to each well and th» 
reaction was allowed to develop for 30 minutes at room 
temperature. The plate wa. then read at 650 nm on the SLT 340 
^TTC or Magnetic Devices V max Microplate Reader. 

Coniugaiinn of PepriH,^ tr. nfpj^jj 
The peptide N-hydroxysucccimmide ester (0.1 M) was 
prepared in dimethyl fot^amide with equimolar concentratiot^s of 
NHS (0.1 M) and DCC (O.I M). The active ester was then coupled 
to G6PDH as described by Oelierich (1986). 
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=nz>™ fcclv ,h.„„gh a s.n,:l. or oouble bo.d, „, ,„,„ea,, 
.trough . ^^^^^^ ^^^^^ 

wh.ch are avaMa., f„. ^.„„ 

hydroxy, carboxyi. .ercap.o. acva.ed aromauc .oups of 

imidazole. 

The bindme peptides have a .,ca. divers.ty of fu„a,o„al 
.roups available fo, eoup,„, add,,o„a„.. „«i„e „odir.a,.o„s of 
hese funcuonahUes ™ay be ™ade ,o faci,i.,e ,he co„,u^,io„, e , 

conversion V^fr- r- u ^ 

^^^^ o.. „, u,o ,„ hyoroxy. or olefln ,„ aldehyde or carboxyiic 
Where a linking group „ e,„p,„,,,j 

pep.,de ,0 .he enzyn,e. This conjugarion „a.v be achieved in a 

or may require ™,.ipie sreps, i„clud.„g blocking and 
-WoCng of acve s„es of .he pep..de Cher .ban" .Hose .n'volved 
m providing ihe linking group. 

of .he funcuona, su.oga,e or a Unker bonded ,o .he func.iona, 
-oga.e. ei*er es,ers or amides will be prepared. The funcUona, 

appropna.e ,o provide a i.„k between Ule funcona,' surrogate and 

amide group, respecively. U^hen fte enzyme has a, ac„va,ed 
aromatic ring, .he funconal surrogaic may be bonded ,o an 
aromanc diazonium salt .o provide the desired bridge 

When bonding a functional surrogate through a l.„Wn, 
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group to an .nz>™e. the bonds formed must be stable tmder assa^ 
conditions and the condu.ons used for carn.nn out the coupitng ' 
reactions must not result in an inactive cnzv-mc coniueate 
Addniona]]^.. the enz>™e must no. prevent bmd.ng of^eceptor to 
lunctional surrogate. 

For mstance. if the mncttonal surrogate has an armno .roup 

the ammo may be derivatized to alpha-bromoacetamide This' 

group can then fot^ a C-N bond to an amtno add of an e^z^™e 

that ha. a free amino group (such as lysine). If the functional 

surrogate has a keto group, the carbonvi n^av r • 

, - --it-^, wvjii(junitju directly 

wnn an a™.„e sroop of ,he enz,™. or ,h= 0-carbox,. n,=,hv,oxi„,; 
may De prepared w„b 0-carboxyme.hvl hydroxy,an,i„=. ^ ^xed 
-hydride, ».i,h chiorofon„a,= is fo™ed. which can ,hc„ 

.om, ,he carboxamide with rt= amino gro.p of . Where a 

carboxyl po„p ,s pr=se„, in fte funciona, su^gaie. Ais group 
-ay be derivatized ,o .he monoamide of phenylenediamine TT,- 
.n.ern,edia,e can .ben be diazotized ■„ fonn a diazo sal, suitable for 
conplmg to a tyrosine in the enzyme. 

Also a hydroxyl grotp ,s present ,n the functional surroeat- 
.. can be reacted „„h succnic hydride to form a monoester. "the 
free carboxy group can then be used to prepare the mtxed 
anhydride, which in turn can be reacted ™th an am.no group ,„ th- 
enzyme. ^ ^ 

Where an amino group is presen. in the functtonal surrotta.e 
^.s may be reacted w,th maletc anhydnde to g.ve the maleitntd'e 
The m^cmide may then be reacted w..b cysteine .„ the enzyme to 
give a 3-thiosuccinimide. 
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6.13. Procedure for FMTT A^^rv 

Using a set amount of conjugate, a solution of antibody is 
titrated to g,ve approximately 40-60«/o inhibition of aciivit>'. In the 
presence of antigen, the inhibitor)- effect of added conjugate on 
antibody activity is proponional to the amount of antigen present. 
Thus, a dose response curv'e of G6PDH activity vs antigen 
concentration can be obtained. 

^•'"^ Procedure for Te?;tino Pp mide-G^PDR Conjugate 

G6PDH activity is measured by the rate of conversion of 
NAD to NADH as measured by increase in absorbance at 340 nm 
at 37 °C. The dilution of conjugate for use in the EMIT assay is 
determined from the results, 

Peptide-GoPDH conjugate (conjugate) is diluted 1:10, 20, 
40, 80. 160, 320 and 640 in a buffer of 0.218 M Tris pH 8.0 
containmg 1 g/L BSA and Tg^L Glucose 6 phosphate. 

25 ^L ponions of diluted conjugate are added to appropriate 
wells of a microtiter plate, 100 jxL of buffer (0.013 M Tris pH 6.0 
containing 1 g/L BSA. 20 g/L NaCl, 1 mL/L Tween 20) is added to 
each well and the mixture brought to reaction temperature of 37 °C. 
25 of 0.013 M Tris pH 6.0 containing i g/L BSA, 20g;'L NaCl. 
1 mL/T Tween 20. and 16.62 g.!. NAD prcwarmed to 37 "C is 
added to each of the wells. The mixtures are shaken for 1 minute 
then G6PDH activity is monitored by measuring the absorbance at 
340 nm even,' 30 seconds for 3 minutes at 37 "^C. 

The dilution of conjugate giving an activity of between 200- 
250 mA/min is used for the E.MIT assay, 
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6.14.1. Example: Conjucate of Peptide SEQ- 

ID. NO. 26 and rT6PDH. designated ECl. 

ECi is diluted 1:10, 20, 40, 80, 160, 320 and 640 in 
a buffer of 0.218 M Tris pH 8.0 containing ! g/L BSA and 7 
giucose-6-phosphate. 

25 uL ponions of diluted conjugate are added to appropriate 
wells of a microtiter plate. 100 uL of buffer (0.013 M Tris pH 6.0 
containing 1 g.O. BSA, 20g/l. NaCl, 1 mL/L Tween 20) is added to 
each well and the mixture brought to reaction temperature of 37 ''C. 
25uL of 0.01 3M Tris pH 6.0 containing lg;T_ BSA, 20g/L NaCI, 
ImL/L Tween 20. and 16.62 g/L NAD prewarmed to 37 ""C is 
adaed to each of the wells. The mixtures are shaken for 1 minute 
then G6PDH activity is monitored for 3 minutes by measuring the 
absorbance a: 340 nm every 30 seconds for 3 minutes at 37 '^C. 
Results: 



Dilution 


Rate 


ECl; 1: 


mA/min 


10 


800 


20 


393 


40 


218 


80 


123 


160 


63 


320 


35 


640 


18 



A dilution of 1 :40 was used for inhibition experiments with 
antibody and antigen (EMIT assay). 

6.15. Determination of Amount of Antibody to Use 
Commercially obtained antibody is diluted 1:10, 20, 40., 80. 
160. 340 and 320 in a buffer of 0.013 M Tris pH 6.0 containing 1 
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g/L BSA. 20 g/L NaCl. 1 mL.a. Tvveen 20^ 100 uL pomons of 
each dilution are added lo wells of a microtitcr plale. To each well 
IS added 25 uL of diluted conjugate - dilution determined from 
activity experiments to give a rate of approx. 200-250 m.4ymin -- 
and the mixtures are mcubated for 5-10 minutes at room 
temperature. The mixtures are then warmed to 37 °C and 25 ^L of 
0.013 M Tris pH 6.0 containing 1 g,T BSA. 20 g,T. NaCl. 1 mL/L 
Tween 20. and 16.62 g/L NAD prewarmed to 37 "C are added to 
each of the weiis. The mixtures are shaken for 1 minute, then 
G6PDH acti\'itY is monitored for b> measuring the absorbancc at 
340 nm every 30 sees for 3 minutes at 37 °C. 

The dilution of antibody giving an inhibition of 40-60% of 
G6PDH activit>' is used for the EMIT assay. 

6.15,1. Example 

Goat anti-HBsAg is diluted 1:10. 20, 40, 80, 160. 
340 and 320 in a bufier of 0.013 M Tris pH 6.0 containing 1 g,a. 
BSA. 20 g./L NaCl, 1 mL.L Tween 20, 100 uL portions of each 
dilution are added to wells of a microtiter piatc. To each well is 
added 25 uL of conjugate ECl diluted 1:40 and the mixtures are 
incubated for 5-10 minutes at room temperature. The mixtures are 
then warmed to 37 °C and 25 of 0.013 M Tris pH 6.0 
containing 1 g/L BSA. 20 g/L \aCl. 1 mL.L. Tween 20, and 16.62 
g-ZL NAD prewarmed to 37 °C are added to each of the wells. The 
mixtures are shaken for 1 minute then G6PDH activity is monitored 
by measuring the absorbance at 340 nm ever,' 30 sees for 3 
minutes at 37 °C. 
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Results: 



Dilution of Rate 

Ab; 1 : mA/mm 

5 10 125 

20 105 

40 135 

80 165 

160 200 

10 320 217 

640 215 

no Ab 220 



Dilution of goat anti-HBsAg to use for antigen experiments. 1:30. 

15 

6.16. Dose Response to Antigen 

-Antibody dilution used is determined from the section, 
above. Conjugate dilution used is determined from previous 
experiments as used in the section, above. 

20 10-15 p.L of sample containing antigen is incubated for 10- 

15 mmutes with lOOul of diluted antibody and 25]iL of 0.013 M 
Tris pH 6.0 containing 1 g/L BSA, 20 g/L NaCl, 1 mUl. Tween 20, 
and 16.62 g/L NAD. The mixtures are then warmed to 37 and 
25 iiL diluted conjugate pre-warmed to 37 °C is added. The 

25 mixtures are shaken for 1 minute then G6PDH activity is monitored 

for 3 minutes b\' measuring the absorbance at 340 nm every 30 
sees for 3 minutes at 37 °C. 

The resulting dose response ctirv^e shows an increase in 
G6PDH activity (as a rate measurement: mA/min at 340 nm) 

30 proportional to the concentration of antigen added in the sample. 

6,16.1. Example 
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10-15 uL of sample comairang 0-200 ng,'mL of 
rHBsAg amigcn is incubated for 10-15 mmuies wth 100 uL of 
goat anti-HBsAg antibody (diluted 1:30) and 25 ^iL of 0.013 M 
Tris pH 6.0 containing 1 g'L BSA. 20 g/L NaCI. 1 mL/L Tween 20. 
and 16.52 g.L NAD. The mixtures are then wanned to 37 X and 
25 nL conjugate ECl diluted 1:40 and pre-warmed to 37 °C are 
added. The mixtures are shaken for 1 minute, then G6PDH activit>' 
is monitored by measuring the absorbance at 340 nm ever>- 30 sees 
for 3 minutes at 37 °C. 
Results: 

Cone. HBsAg Raig 
^^'^^ mA/min 

^ 100 



112 

6 p-) 

12 MO 

25 165 

50 185 

100 205 

200 220 



An increasing rate of G6PDH enzyme activiiA' is seen wth 
increasing amounts of rHBsAg in the sample. 



6-17 .Another F. xampie of an EMIT A^-<;^v 

"•^^■'^ Conjugatio n of RinHmo Peptin^c; rr> 

Enzyme Label 



SEQ. ID. NO. 35 H,N-LPGPPHLS-COOH FW 816 
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SEO- ID. NO. 37 H.N-C-oK-LPGPPHLS-CONH. F\V 2100 

I 

H,N-C-oK-LPGPPHLS-CONH, 
G6PDH F\\ 120,000 

5 G6P FVv' 282 

NADH FW 709 

2-iminothiolane I FW 138 

SPDP FW 312 

10 The peptide of SEQ. ID. NO. 37 f31 mg) is prepared by air 

oxidation of the reduced form of the peptide in Kpi. pn 8 (reduction 
:s effected by treatment with 1 mM tributyphosphine). Compietion of 
oxidation is confirmed from a negative Eliman's test. Oxidized 
peptide IS purified by reverse-phase HPLC. then lyophilized. 
15 An amount (1 mg) of the synthetic peptides, SEQ. ID. NO. 35 

(ca. 1 umole) and SEQ. ID. NO. 37 (ca. 500 umole), is dissolved in 
200 PBS, 1 mM EDTA (PBSE - PBS containing 1 mM EDTA). 
The peptides are then thioiated using a 25-fold molar excess of a"" 100 
mM (3.5 mg/250 ^L) solution of Tram's reagent in PBSE (50 and 
20 25 \jL. respectively). After allowing the resulting mixture to incubate 

in the dark for 1 hour at room temperature, the mixtures are 
exchanged into PBSE through a Sephadcx GIO gel filtration column 
(Pharmacia. Piscataway. NT). 

Separate!}', extensive dialysis of commercially obtained 
G6PDH enz\TOe in PBS provided approximately 1.2 mg G6PDH 
enz>-me for dilution to a working concentration of 1 mg/mL (8 |aM, 
390 U/mgj. To i.O mL of this enz>'me solution. G6P and NADH is 
added from fresh stocks (500 mM in PBSE) lo provide a final 
concentration of 10 mM each. The enz\'me is then aliov^'ed to react 
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With 10-fold molar excess f80 uL) of a iresh 1 mM fC.5 mg/1.5 mL) 
solution of N-succinimidyl .>-f2-pyridyldithio)propionait; fSPDP; 
Pierce. Rockford. IL) in carbitol. After a reaction per.od of Ih at 
room temperature, small molecules are removed by desalting on GIO 
in PBSE. 

Labeled conjugates are formed by allowing appropriate 
amoums of the ihiolated peptides to react ^^^th the activated enzyme 
in the refrigerator overnight. 

Both preparations of conjugates are then harvested, filtered 
through a 1.0 urn PFTE syringe filter, and brought to a volume of 3 
mL by addition of an appropriate amount of Tris buffer. The 
resulung solmions of the labeled conjugates are then used in 
subsequent experiments as described further below. 

Preparation of DiliiTf>H Solution.: 
Labeled Conj imaTPQ 

Conjugates of peptides. SEQ. ID. NO. 37 and SEQ. ID. 
NO. 35 with G6PDH are designated EC4 and EC5. respectively. 

Lyophilized samples of conjugates EC4 and ECS. as prepared 
above, are diluted 1:100. 200. 400, 800. 160G. 3200 and 6400 in a 
buffer of 0.218 M Tns (pH 8.0^ contammg 1 g'L BS.A and 6 g/L 
gluco.se-6-phosphate. 

Diluted solutions of each G6PDH-peptide conjugate ( in 25 ^L 
portions) arc added to appropriate weiis of a microtiier plate. Then. 
100 ML of buffer (0.013 M Tns (pi I 6.0), containing 1 g/L BSA. 20 
g/L NaCL 1 mL.'L Tween 20) are added to each well. The resulting 
mixture is allowed to wanr. to the reaction temperature of 3 7 °C. 

Next. 25 mL of 0.013 M Tns (pH 6.0). containing 1 g/L BS.A. 
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20 g/L NaC:. 1 mL/L Tween 20. and 16.62 g/L NAD {substrate for 
G6PDH) prewarmed to 37 °C are added to each of the wells. The 
mixtures arc shaken for 1 minute, then G6PDH activity is monitored 
b}' measuring the absorbancc al 340 nm evcr>' 30 seconds for 3 
minutes at 37 °C. 

The results are presented in the following Table. 



Table 4. G6PDH Enzyme Activit} 



RATE; mA/min at 340 nm 




EC4 


ECS 


DILUTION 

1: 


1 




MEAN 


1 


2 


MEAN 


BLANK 


0 


0 


0 


0 


1 


0 


100 


221 


214 


217 


333 


312 


322 


200 


120 


117 


118 


160 


170 


165 


400 


65 


64 


64 


90 


9i 


90 


800 


34 


54 


34 


48 


48 


48 


1600 


17 


18 


17 


25 


31 


28 


3200 


10 


13 


1] 


13 


14 


!3 


6400 


5 


5 


5 


7 


7 





Consequently, to provide a signal level convenient for 
detection, a dilution of 1:150 is chosen for conjugate EC4. and a 
dilution of 1 :200 is chosen for conjugate ECS. 

6-17.3. Inhibition of Labeled Conjugates bv .A.ffinit\ Receptor 
Commercially obtained mouse anti-HBsAg is diluted 2500, 
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1250. 625, 312, 160. 80 and 40 ug/mL in a buffer of 0.013 M Tns 
(pH 6.0). containing 1 g/L BSA. 20 g/L NaCI. and 1 mL/L Tween 20. 
A portion C 1 00 ) of each dilution is added to well.s of a microliter 
plate. Next. 25 ^.L of a solution of either conjugate EC4 (1:150 
diluted solution) or EC5 (1:200 diluted solution) are added lo each 
well, and the resulting mixtures allowed to incubate for 1 hour at 
room temperature. Control wells using solutions of non-immune 
mouse IgG are also prepared for each conjugate. 

The mixtures are then warmed to 37 °C and 25 uL of 0.013 M 
Tns (pH 6.0), containing 1 g/L BSA. 20 g/L NaCl. 1 mL/l Tween 20, 
and 16.62 g/L NAD prewarmed to 37 °C are added to each of the 
wells. The mixtures are shaken for 1 minute, then G6PDH activity is 
monitored by measuring the absorbance at 340 nm ever}' 30 seconds 
for 3 minutes at 37 °C. 

The results, presented in the Table, below, idicate that 
approximately 25% inhibition can be observ'ed with both conjugates 
at the indicated concentration of antibod>-. The labeled conjugates are 
subsequently used in an EMIT assay lor the detection of hepatitis 
surface antigen in a sample. 
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TABLE 5 



INHIBITION or G6PDH-PEPTIDE CONWCATE ^rTivi-rv 
\MTH INCRHASmc MOTT.SF a ntI-HBsAo.-NON-IM^^Wf \p n 



RATES: m/Vmin «f 340 nm 



1:150 



EC5'; 1:200 



MOUSE 
ANm-HBiAf; 



NON-IMMUNE 



MOUSE 
ANTl-HBdAc 



NON-IMMUNE 



CONC Ab 



to 

16C 

3i: 

1250 
2500 



200 
203 
193 
ISO 
Ub 
M7 



20J 

196 
206 
191 
189 
171 
15! 



20O 
|9« 

19: 

Ul 
149 



1114 
til 
Mi 

2i: 

Ul 
19b 

i7r 

2O0 



2!e 

20C 
\ 1«4 

2o: 

19? 
194 
196 
191 



254 
25r 
255 
251 
252 
24S 
220 
191 



27« 
213 

26*; 

254 
239 
207 



2*4 

269 
25K 
25*; 
25! 
229 
199 



264 
269 
259 
26T 
272 
271 
266 
174 



267 
256 
271 
270 
252 
246 
249 
253 



265 
263 
266 
26ft 
261 
25* 
257 
263 



* The labeled conjugate and antibody were pre-incubated for 1 hour 

at room lemperature. 



6.18. Method for Detection of .Anaiyie of Interest With 
Labeled Mimetop e 

The following Example is for a method of determining the 
presence or absence of an hepatitis anal>ie in a sample by an 
antibody-mediated fluorescence enhancement affinity assay, such as 
one described by Wei, A-P, et al., in Anai. Chem. (1994) 66:1500- 
1506. 

Hepatitis mimetope peptide of SEQ. ID. NO. 32 is allowed to 
react with tetramethylrhodamine-5-maleimide ,n 50 mM of phosphate 
buffer (pH 6) for 4S hours at 4 »C to malce the labeled peptide. The 



89 



SUBSnXUTr SHEET (RULE 25) 



PCT/L'S96/10498 



peptide is ihcn reacted with 5-carboxyl-fiuorescein succinimidyl ester 
in 50 mM borate buffer (pH 8.5) to double label the hepatitis peptide. 
F.'\B mass spectrometr^• is used to coRfinr, the chemical identity of 
the doubly labeled peptide. 

The douDiy labeled peptide is combined with a sample 
suspected of containing the hepatitis anahte, along with an 
appropriate amount of anti-hepatitis antibody. 

The fluorescence activity of the sample is measured upon 
excitation with an ISS PC-1 fluorometer (ISS. Champaign. IL). 

The measured fluorescence enhancement is compared with the 
measured acti^■ity from a standard cur^'e or the fluorescence obser^'ed 
from a comro: to determine the presence or absence of the hepatitis 
anaiyte m the sample. 

6.19 Method for Detection of Anaiyte of Interest with 

Labeled Mimetone with Binding Profile for AntihnHv 

The follov^ang Example is for a method of determining the 
presence or absence of an hepatitis antibody in a sample by an affinit>- 
assay. 

Hepatitis mimetope peptide SEQ. ID. NO. 32. 35 or 37 is 
labeled with giucose-6-phosphaie dehydrogenase as described above. 
FAB mass spectrometry is used to confirm the chemical identity of 
the labeled peptide. The labeled peptide is then used ,n an EMIT 
assay as described above to determine the presence or absence of 
hepatitis anai>te m a given sample. 

The observed rates are compared ^vnth the measured activity- 
from a control to determine the presence or absence of the antibody 
in the sample. Alternatively, the amount or concentration of anaiyte 
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can he determined quantiiativcK' with the appropriate measurements 
and controls. 

6.20. Kit in Accordance with the Invention 

Homogeneous immunoassa\' kit for performance of 
homogeneous assay of Example 18 comprises: 

(a) a first container of functional surrogate. SEQ. ID. NO. 32, 
labeled with tetrameth\irhodamine-5-maieimide and 5-carboxyl- 
fluorescein succinimidyl ester. The labeled peptide is capable of 
exhibiting an activit\' that is altered on binding of the labeled 
conjugate to the hepatitis affinity receptor and the activity can be 
measured and related to the amount of the analyte present m a given 
sample. 

(b) a second container comprising goat or mouse anti-hepatitis 
surface antigen antibody. 

6.2L EMIT Kit 

For an EMIT assay, a kit is provided including a first container 
of a funcnonal surrogate (e.g., SEQ. ID. NOS. 35 or 37) labeled with 
G6PDII. A second container is also provided containing an antibody 
against the panicular analyte of interest and, optionally, the G6P and 
NAD substrates for the GSPDH. If desired, these substrates can be 
present in a separate container. 

6.22. Recombinant DNA Construct Comprising a DNA 
Sequence Encoding a Functional Surrogate 

A recombinant DNA construct is prepared which includes a 
DKA sequence encoding a nepatitis epitope or mimeiope as obtained 
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°' ^= " -c>.ona, sa.o,a. capable 

of =o.pe,i„, effccvei,. ,V a„„-hepa.ius a„,i,.„ ,„ 
prc..n. Of a„„,e„. The reeo.binan, DNA co„,^., .....ae ,„ 

accordance with methods iaiov\-n in iHp 

^ , , ^'^ S"'^^^ as those set forth m 

^ . ^ Cold 
Spring Harbor Press (1989) usin^ DNa ; 

' using DNA inserts comprisine the 
sequences set forth in this disclosure. 

A transfonntng vector, tncludtng the above DNA construct, a 
bact.,ophage transfonned b, the vector, and a .icroorganis. such 
as ^. coh or yeast iransformeH - • - 

- -c- .-,r .i.e vector or intected v/ith th« 

Lold Spring Harbor Press ( 198Q . nr r^,u 

. ^ . ^^-^ rererences available to the 

»Lr^";"^' . so.e of the patents mentioned herein. 
P-i^rablv, such transforming vectors will ..ude an origin of 
replication functional in the host to allnv.- f 

^""^ for autonomous replication 
of thE vector. Aitemativeh', th'- vector m.,. ■ , 

}, \ector may integrate into the host 

cnromosome. 

in sum. the above d.sclosure ,eache. how to obtain. n,ak. and 
-e f„„a,o„ai surrogates hav.n, m^y „ses. ,nc.ud„s, es^ciallv use 
m homogenous e„z>.me .n,mu„oassa.vs assa, of *e ,nve„„on 

can advantaceousiv d^-tf^-t 

. usl> dae.t macromolecular analytes. which have 
previously been difficult to a.«-,v w 

, , ^ "^"^ber of reasons, as 

discussed above. 
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The p„^„.e Of above dc.cnp„„„ ,^ ,^ 

- " """ "PP'^'"' to those of skill in -ha- 

-ous .o.nea„o„s an. .a,.,.. „a. ,e ™.e ,o .he co^^i.^ 

or scope of .he i„ve„„„„^ .„ ,a,en,s an, pn,„.a,io„s ced hcL 

are incorporated bv r^f-^-.^-^ • . • 

p Lcu D\ rctw.cnce in their entiret\'. 
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TABLE 6 

MONOCLONAL AI^^TI-HEsAg BINDER SEQL^NCES 
FROM R2c LIBRARY 

RELE\^Airr AMINO ACIP SEQUENCES SEC ID. NO. 



FC23 MSMRSTVNVERRPAVAEPPAKLRINWGSR 176 

FC4 1 VPTYWPS AS I LRS AETNGLHIXSKPLYSR 177 

B2 6 ISSGLPSRLGCVSADAQTCHYHPIYNRSR 17 5 

FC2 2 ACE IDPFYH? I YSAADQGARSDECI FPSR 17 9 

FC21 DGSWWDKDLCSLPADCDALRSREKSRISR 18 C 

FC3 2 L.PGPPKLSVRHIPAESONPTVDSAPAHSR 181 

A2 8 TESAORASSSTAASTHAVYGPPPNLSR 182 

B13 I CAGASAGHQCRPAGPRHLDPSKSNGQSR 18 3 

CI 0 VQSVSSVGLMPYAAVSVHNNVSDHPLYSR 18 4 

C2 4 VSAGTPTHTASLAAVT^TNYRHHPIYNPTSR 18 5 

D2 0 FRPHQESLKA'/DAAAAPPPYQFPMDDQSR 18 6 

D7 HDL.WCTGPRHLCPADMFPGTSNPSPPSSR 18 7 

FCll DAMSGGTGTSLDAAViGPGKLFEYVDVSR 18 8 

FC15 NFHAPFNHGE'/ETAASYLTDVPPHLLWSR 18 5 

FCl 6 MAYFSS I GPVEKPAAGPGPLPRDFPPSSR 19 0 
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SUBSTITUTE SHEET (RULE 25) 



wo 96/411 '^2 



PCT/IJS96/10498 



TABLE S (con'd.) 

AIw.-KBsAg BIICDER SEQUENCES 
i-KOM R26 LIBRARY 



CIC 
FC41 
B26 
FC22 
C24 
FC3 2 
FCie 
FCIl 
D7 
B13 
FC15 
FC23 

A2e 

FC22 
FC21 
FC41 

1)20 



ACEIDPFY 
VSAGTPTHTASUtAVNNYTLH 
LP 



maitssigpi^hpa;'. 
damsggtgtsldaav: 

HDLWCT 
I CAGASAGHOCRPA 
NFHAP nJHGEn^TAAS\XTD 
KSMRSTV7JVERRPAVAE 

ACEIDPFYHPIYSAADOG 
DGSWWDMDLCSLPADCDA 
VPTTWPSASI 

FRPM0ES:.rj^VI3AAAAPPPY0FPMDD; 



HPLY 

HPLY 

HPIY 

HPIY 

HPIY 

CPPHL 

GPGPL 

qPGKL 

GPRHL 

QPRHL 

VPPHL 

PPAHL 

PPPNL 

ARSDE 

LRSRE 

URSkE 



SR 

NRSR 

SAADCGARSDECIFPSP 
NPTSR 

PRDFPPSSR ^^^y^ 
F — V'S R 

CPADMPPGTSNPS PPSSR 

DPSHSNGOSR 

LWSR 

RINWGSR 

£R 

CIFPSR 
KSRISR 

TNGLHKLSKPLYSR 



no apparent motif 



184 

177 

17B 

179 

185 

IBX 

19 0 

1S8 

167 

183 

1B9 

176 

182 

179 

180 

177 

198 
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SUBSTITUTE SHEET (RULE 25) 



wo *^(y/4]}'^2 



I'CT/l]S96/'HM98 



TABLE 6 (con'd) 

monoc:.c:;al aj^ti-hesAc: binder £Ew"e:;c:es 

FROM R2t LIBRARY 

KUCLECTIDE SEQUENCES SEQ . ir. N- . 

FC.23 191 

CAC TEC TCG AGG CTC CEC GGG EEC CEE 
HS5RLPGPP 

CAT CTG TET GTE CGG CAT ATT EEC GCG 
KLSVRHI PA 

GAG AGT 'CAG AAE CCE ACT GTT GAC GAG 

E S Q N P T \' D E 

GET CCE GET CAT TET AG A 

A ? A H S R 



FC. 41 



CAE TEC TCG AGT GTE CET AET TAT TGG 

H S S 5 P T Y W 

CCT AGE GET TET ATE ETC AGA TEE GCG 
P3ASILRSA 

GAG ACC AAC GGG TTG CAE AAG CTT GAC 

E T K G L H K L D 

CAC CCC CTT TAT TET AGA 

K P L Y S R 



B.26 193 

CAC TCC TCG AGG ATT TET TET GGT TTG 

H S S F. I S S G L 

CCT TCG AGG CTG GGT TGE GTG TCC GCG 

PERLGEVSA 

GAC GCG CAG ACE TGE CAT TAG EAE CCT 

DAQTEHYHP 

AT C TAT AAE AGG T CT AGA 

I Y N R S R 

FC.22 194 

CAC TCC TCG AGG GCT TGC GAG ATC GAT 

H S S R A C E I D 

CCT TTT TAT CAE CCT ATC TAG TCC GCG 

P F Y H ? I Y 5 A 

GCT GAC CAG GGG GCT CGC AGT GAC GAG 

A D C' G A R S E E 

TGT ATT TTC GCG TCT AGA 

C I F ? S R 
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SUBSTITUTE SHEET (RULE 25) 



V\'0 96/41172 



PCT/US96/10498 



TABLE 6 (coa'd) 

MCNOCLONA^ a^t:-hb.a^ bindk. sequences 



FC.21 



CAC 

H 



TCC 

S 



TCG 
£ 



AGC GAT 

3 D 



GAT ATG GAT ^ 
^ M D 



GAC TGT GAT GCC TTG 

^ C - A ^ 



GGC 
G 



AGT 

S 



TGG TGG 
K w 



TGT TCG CTG CCC GCG 

S L P A 



CGC 

R 



AGC CGG ATC TCT AGA 



TCG CCC GAG 
3 R E 



CAC 
K 


S 


TCG 

S 


AGG 

R 


L 


CCC 

p 


GGG 
G 


CCC 
F 


CCC 

P 




CAT 
H 


CTG 
L 


TCT 

S 


GTC 

V 


CGG 
R 


CJ^.T 

H 


ATT 
I 


CCC 
P 


GCG 
A 




GAG 
E 


AGT 
S 


CAG 
Q 


AAC 
K 


CCC 

p 


ACT 


GTT 

V 


GAC 

D 


GAG 
E 




* GCT 
A 


CCC 

p 


G'CT 
A 


CAT 

H 


TCT 

S 


AGA 
R 











A. 28 



CAC 
K 



TCC 

S 



AGA GCC 

R A 

ACC CAC 

C H 

AAT CTT 

N L 



TCG 

S 



GCC 
A 



ACA ACA 
T T 



TCA 

S 



s 



-TC TAC 

V V 

AGA 

R 



GAG 
E 

ACC 
T 

GGC 

G 



GCG 
A 



GCG CAG 
A Q 

GCC T^" 



.37 



CCC 

p 



CCT 

? 



B.13 

CAC TCC TCG 

H S s 

TCT GCT GGC 

-AG 

-^GT CCC GCG 

G P R 

TCG AAC GGC 

s r; G 



AGC ATT TGC 

Sic 

CAC CAG Ten 

H Q 

CAC TTG GAT 
K L c 

CAG TCT AGA 

0 S R 



CCT GGT GCT 
A G A 

CGT CCC GCG 
F A 

CCG AGT CAC 

? £ H 
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SUBSTITUTE SHEET (RULE 25) 



VVO 96/411": 



PCT/US96/10498 



TABLE G { con ' d ) 

MONOCLONAL AJ'TI-HBsAr BIKZER SEQUENCES 
FROM F.2fc LIBRARY 

rrJCLECTT DE SE?LrEr7CEE 



CAC 

H 


3 


TCG 

S 


AGC 

S 


GTT 

V 


CAG 

Q 


TCT 

S 


GTG 

V 


AGC 

£ 


AGC 

£ 


GTT 

V 


GGG 
G 


TTG 


ATG 
M 


P 


TAG 
Y 


GCC 
A 


GCG 
A 


GTG 

V 


AGC 
5 


GTT 

V 


CAC 

H 


AAC 
N 


AAT 
xN 


GTC 

V 


TCT 

S 


GAC 


CAT 

H 


r-CG 
P 




TAT 

Y 


S 


AGA 
R 









C.24 



CAC 
H 


C 


3 


S 


GTG 

V 


AGT 

S 


\_ o 

A 


GGT 
G 


ACC 


CCG 

P 


ACC 


CAC 
H 


ACG 
T 


GCG 
A 


AGC 

S 


TTG 


A 


GCG 
A 


GTG 


AAT 


AAC 


TAT 


CGT 


CAC 


CAT 




ATT 


V 


N 


N 


Y 


R 


H 


H 


P 


T 


TAT 

V 


AAC 

N 


CCG 

P 


A^CT 


TCT 

S 


AGA 

R 









D.20 



CAC 
H 


TCC 

£ 


TCG 

£ 


AGC 

S 


TTT 

F 


CGC 

R 


CCG 
F 


ATG 


CAG 

Q 


GAG 

E 


AGT 




AAG 
K 


GCC 


GTC 


GAC 
D 


A 


A 


GCT 

A 


GCG 


P 


CCC 

p 


p 


TAC 

Y 


CAG 

0 


TTC 

F 


CCT 

p 


ATG 


GAC 

L 


GAT 

L 


CAG 


TCT 

S 


AGA 

R 








CAC 
H 


S 


TCG 

S 


AGT 

£ 


CAC 
H 


GAC 

D 


TTG 
L 


TGG 
W 


TGT 


Acrr 

T 


GGT 


CCG 

F 


CGC 

K 


CAT 

H 


TTG 
L 


TGC 


P 


GCG 
A 


GAT 

D 


ATG 
M 


F 


CCA 

P 


GGC 

G 


ACG 
T 


AGC 

S 


N 


P 


AGC 

S 


CCG 

F 


F 


AGC 

S 


S 


AGA 

R 









201 



202 
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SUBSTITUTE SHEET (RULE 26) 



wo %/4n72 



PCT/L'S96/10498 



TABLE 6 (con'd) 

MONOCLONAL ANTI-HBsAa EINDEP S-O^.^m^.. 

FROM R2t LiBRAKv SEQJ.ncES 



CAC 
H 


TCC 

S 


TCG 
S 


AGC 
S 


GAC 
D 


GGT 
G 


ACG 
T 


GGT 
G 


ACG 
T 


TCC 

S 


GTT 

V 


ATT 


GGT 
G 


P 


•-joC 
G 


TAT 

Y 


GTC 

V 


GAC 

D 


GTC 
V 


S 



FC.15 



CAC 
H 


TCC 


TCG 
S 


TTC 


AAC 
N 


^-AC 
H 


GCC 
A 


TCG 
S 


TAC 
Y 


CAT 

H 


CTG 

r 


CTC 


CAC 
H 


TC*^ 

S 


TCG 

S 


TCC 
3 


ATT 

I 


GGT 

G 



AGC AAT 

S r,T 

GGT GAG 

0 E 



.oG TCT AGA 

W s 



AGC AT 



GCT GGC CCC r-- " ^ 

G p ^ ^^^-1^^^ CGT GAT 

" ^ P R D 



SEP. 



A 


ATG 
M 


TCG 


GGT 


2G5 


CTA 

L 


GAT 

D 


GCC 
A 


GCG 
A 




CAC 

H 




TT*^ 


GAG 








F 






AGA 










R 










F 


CAC 
H 


GCC 

A 


P 


204 


GTC 

V 


GAG 
E 


ACC 


GCG 
A 




GAT 

D 


GTC 

V 


CCC 


CCC 

P 





'^CC TAC TTT T'C'' -^^^ 
^"^ A V 

GTG GAG CA'" ^.-^^ ^r-r^ 



S R 
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SUBSTITUTE SHEET (RULE 25) 



wo 96/411"': 



PCT/US96/10498 



TABLE 7 



MONCCLONAL A>iTI-KBsAa EIKT'ER S-QUENCE" 
FROM Kec LIBRARY 



RElEVAr:T 


AMINO ACID SE:)TTrN-P=:: 


SEO ID NO- 






MIO 


CGG PEKLOVC 




M13 


CARGEVLPKC 


2 0b 


M20 


CSGPKHLQVC 


207 


M3 


CGGRGASSRC 


208 


M4 


COWWGGRDKC 


209 


MB 


CDW?CT\TjPRC 


210 


K12 


CSNGGPDHLC 


211 


M18 


CDGPRHLSTC 




K2 3 


CEEGAVLiPRC 


213 


M2 4 


CKCHPLYGGC 


214 


M2 9 


CEOGAVLAKC 


215 

2ie 



SEQUENC ES ALIGNED BY A PP^.P^rr-r^ v,— r-c 

■ — ' SEO ID NO • 

M24 CKC HPLY GGC 

MB CDW KTVXiPR C ^-^ 

M13* CAR GEVLPK C 

M23 CEE GAVLPR C 207 

M29 CEQ GAVLAX C 214 

216 

cs gpi:hl qvc 

M12 CSKG GPDHL C 2C8 

Ml 8 CD GPRHL STC ^12 

f<10* CO GPEHL QVC 213 

206 

M3 CGGRGASSRC No apparent motif 

M4 CQWWGGRDKC No apparent motif 
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SUBSTITUTE SHEET (RULE 25) 



wo 96/41172 



FCT/US96/10498 



TABLE 7 (con'd) 



GAT 



K. 8 



SKO ID. Krn 



K.IO 

CAc Tcc rc= ... S„ = P E „ 



iGT GGG 
TGT GGA 7CT 



^ C^CG GAG CAT 

AGA 



K.13 

CAC TCC T'^C A' — -"-r ^ R G E 

P K r/ c"' ' GAG 

CCT AAG TGT 



R 

AGA 



K.2C 

TCC T^G nr-^- ^^-^ S g p K w 

V c G "^"^ AAG CAT 

ZTCj Tn" ^ 



K.3 







£ 


AGT 




AGT 


G 




R 


GGA 


TCT 


AGA 



CAC TCr TCG Arrr ^ ^ 

K V 
AAG GTC 



AGA 



C W 



D K^' "^r*^' ^ -^^^ TGG 



G 
3A 



CAC TCC TCG AHT ^' K 





C 


C 


W 


AGT 


TGT 

G 


GAT 
S 


TGG 
R 

AGA 


. GT 


GGA 
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SUBSTITUTE SHEET (RULE 25) 



L F R c G c ACG GTT 

CTG CCG AGO 



218 



219 
TG 



V c "'^^ C^ AGC ATC TTC 



96/41 n: 



r*CT.TJS96a049S 



TABLE 7 (con'd) 



M.12 



M.18 



H.29 



SE2 



CAC TCC TCG AGT T^T T- Lt ^ ^ 

H_ L C G S R ' ^ GAT 

TGT GGA TCT AGA 



223 



CAT CTC 











D 






AGT 


T3T 


GAT 




C 


G 


3 


R 




TGT 


GGA 


TCT 


AGA 



224 



CAC 

ST C g" ™ CAT T-TG 



K.23 

CAC Tcc TCG a:;t S--^ ^ ^ ^ v 

p R """i GAG GGT GCG GTG 



CGG TG 



AGA 



K.24 

CAC TCC TC. ;.3T rc^T -^OT ^ 



TAT GGG GGT TGT SgA TCT " AGA 



CAC TCC TCG AGT 

A K C 

3CG AAG TGT GGA 



E C G 



^ GAG GAG 

G S R 

* AGA 
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SUBSTTTUTE SHEET (RULE 25) 



U O 96/4117: 



PCT/US96/I0498 



TABLE 8 
FROM R2S irBRA^?" -"^-^"-l-- 



IDFHGGF 



A3 
Dfi 

A12 
DID 
C14 
BIS 
B13 



DS 

C2 

C14 

Bie' 

B13' 

A12 
Die 



IVWVAEQ3E 
X3FSSAFF 



1-DF 



STSSIGPT.P 
SKTPRGPLK 
STTSAGPP-r 

RCPSDGWrv 
RCP5D5Lrv 



KHAMTA- 



DSPhiGlDFHGGF 



AIPDLSDSR 

^^AAPLEP0LGVRN5L2TT 
F-iJVDRGHWRSPHHPSAPT 



22B 
229 
230 
231 
232 
233 
234 
235 



22B 
229 
230 
233 
234 
235 



23: 
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SUBSTITUTE SHEET (RULE 25) 



WC> *>6/4 1 ] 72 

PCT/US96/1()498 



TABLE 8 (con'd) 



Bie 



CAC 


TCC 


TCG 


AGT 


A 


F 


F 


S 


GCT 


TTC 


TTT 


AGT 


P 


T 


K 


L 


CCT 


ACC 


AAG 


TTG 


P 




A 


£ 


CCG 




GCC 





V 

GAC 
G 

GGT 

G 
GGC 

R 
AGA 



B13 



SEP . 



G 


F 


S 


s 


GGG 


TTC 


A3C 


AGC 


T 


A 


R 


G 


ACG 


GCC 


CGC 


GGG 


V 


L 


P 


S 


GTG 


CTT 


CCC 


AGC 



236 



CAC 

P 


TCC 
I 


TCG 

K 


AGT 
G 


TCT 

A 


CTT 


T 

ACG 


S 


S 

AGT 


G 
GGC 


CCG 

r, 


ATT 


AAG 

K 


GGG 

P 


3CG 
V 


L 

TTG 


A 

GCC 


A 

GCG 


D 
GAT 


S 
TCT 


GAG 

F 


S 


AAG 
R 


CCT 


TAG 


£ 
T'CT 


G 
GGT 


P 
CCT 


I 

ATT 


M 
ATG 


CCT 


TCT 


AGA 
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SUBSTTTUTt SHEET (RULE 25) 



V\'0 96/41 1-2 

PCT/IJS9G/10498 



TABLE 9 



POLYCI^ONAL ^^;-HEsAg BI^OER SEQUENCES 

tKUM RoL. LIBRARY 



CVTLNWRGGTC 

CRGGDRKPGC 



PIO nJ'^S?^^^^^ 238 



pg CWLNWRGGTC 
PIC 

CGQICRQSLC 24 0 

Nd apnaren^ , 2^3. 

— ^rom cne above 
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SUBSTITUTE SHEET (RULE 26) 



wo 96/4 n"-2 



PCT/US96/10498 



TABLE 10 

poi.yci.o:;ai. ;^j-m- ferritin ei:."der sequences 

FROM R2£ LIBP^.Y (A SERIES) 



RELEVAirr AMINO ACID SEQUENCES 5EQ ID NO: 

Al HSSSSQKGGSAMFSLSSAAKSPAAHQA.TKTSSR 242 

A3 HSSSFQLGSGGEAI.FKSAAALGPPGSRTPFIISR 24 3 

A4 HSSSSASPTSVTFLRQPAVSGGRSL-FQK^DPSR 24 4 

A6 KSSRDLFHGGQAMFNSAAVAAiCSSGLISPDSSR 24 5 

A7 KB SB I:YGGMS L FQS Of^AGHHAGTP P YTS RWS R 24 6 

A8 KSSSSALFCSVAPLFSSAAPSl^TNDRSPKPFTSR 24 7 

A9 HSSSI^YSPIGASLFQSAANNPSIPPJ^TSDVSR 24 8 

All HSSSLOLFTTALPWRDTAAPPMLSNSALFQMSR 249 

A12 HSSSAAGGTSENQNSWAAVAGGASLFQNSKRSR 2 50 

A.13 HSSSFRSSPHGRAMFQSAGJnIGSFGNVPALSSSR 2 51 

Al 4 HS S S TRTS OVS YG\^S RP AAASHS PQPJ\FFQV£ R 2 52 

A21 HSSSPWNVNAiaTODGMAAGRALFKQALNNGTSR 2 53 

A24 HSSP^.FVPTFPMKTIRSAGRALFKECRNDPIASR 2 54 

A2 7 HSSS'rw^'SFKRPGFEOMAAGI^.QQGOSSINPTPSR 2 55 



SE(;3 


UENCES ^-J^lGl^ED EY APPAREI7T 


MOTIFSS 


EO IE NO: 




A2 4 


HSSRAFVPTFPMKTIRS 


AGRALFH 


ECPNDflASR 


254 


A13 


KSSSFRSSP 


HGRAMFO 


SAGNGSFGOTPAESSSR 


251 


A6 


HSSRDLFH 


GGOAMFN 


SAAVAAK3SGLISPDSSR 


244 


Al 


HSSSSOK 


GGSAMPS 


LS S AAHS PAAHQATHTS S R 


241 


A3 


HSSSFQLGS 


GGEALFK 


SAAALGPPGSRTPFHSR 


243 


A4 


HSSSSASPT3VTFLR0PAVS 


GGRSLFO 


NLDPSR 


244 


A7 


HSSSKY 


GGMSLFO 


SOMTAGHHAGTPPYTSRWSR 


246 


A12 


HSSSAAGGTSENQKSWAAVA 


GGASLFO 


NSHRSR 


25C 


A21 


HSSSPWlNTVTJAKI^DDGr^A 


AGRALFK 


CALNI7GT3R 


253 


A9 


HSSSLAYSP 


IGASLFO 


S AA^^NPS : PRRTS DVSR 


248 


AB 


HS 


SSSALFO 


V A P L FS S AAP £ N DR S P K P FT 3 E 


247 


All 


H3SSL0LFTTALPWRBTAAPPML 


SNSALFO 


MSP 


249 


A14 


H3SSTRTSQVSYGVSRFAAASKS 


PQRAFFO 


VSR 


2 5 2 


A2 7 


HSSSTVSFmPGr EQKAAGLQQGOS 


SIKPTP 


S R 


2 55 
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SUBSTITUTE SHEET (RULE 25) 



V\C> 96/41 I "2 



PCTALS9f>/l(M98 



TABLE 10 (con'd) 



A.l 





POLYCLOUAI. 


Ai-m- 






FROM 


K2 6 


•'TIDE 




CES 




CAT 


TCC 


TCG 


AGT 


S 


A 


M 


F 


AGC 


GCC 


ATG 




A 


H 


S 


P 


GCT 


CAT 


AGC 


ccc 




H 


T 


s 


ACG 


CAC 


ACC 


AGC 



3IIJDER SEQUENCES 
fA SERIES) 



S Q 

TCT CAG 

S L 

AGC CTG 

A A 

GCT GCT 

S R 

TCT AGA 



H 


G 


G 


CAC 


GGG 


GGG 


F 


S 


A 


TTC 


TCC 


GCG 


N 


Q 


A 


CAT 


CAG 


GCG 



SEP ID ■ 
256 



CAC TCC TCG 

G G E 

GGC GGG GAG 

A A L 

GCC GCG CTC 

T p F 

ACG CCG TTT 





F 


n 

w 


AGT 


TTT 


CAG 


A 




F 


GCG 


CTT 


TTT 


G 


P 


P 


GGC 




wi-G 


H 


s 


R 


CAC 




AGA 





G 


s 


TTG 


GGC 


TCC 


K 


S 


A 


AAG 




GCG 


G 


s 


R 


GGG 


TCC 


CGC 



A. 4 



CAC 


TCC 


TCG 


AGC 


s 


V 


T 


F 


AGC 


GTC 


ACT 


TTT 


V 


S 


G 


G 


GTG 


AGT 


GGG 


GGG 


N 


L 


D 


P 


AAC 


CTC 


GAT 





S A 

AGC GCG 

I. R 

TTG CGG 

R 3 

CGT AGT 

S R 

TCT AGA 



s 


P 


T 


AGC 


CCC 


ACC 


Q 


p 


A 


CAG 


CCC 


GCG 


L 


F 


Q 


CTC 




CAG 



;58 



CAC 




TCG 


G 


Q 


A 


GGT 


CAG 


GCT 


V 


A 


A 


GTG 


GCT 


GCT 


s 




D 


AGT 


CCC 


GAC 



R 


D 


Li 


AGG 


GAT 


CTT 


M 


F 


N 


ATG 


TTT 


AAC 


K 


S 


S 


AAG 


AGC 


TCG 


S 


S 


R 


TCC 




AGA. 



F 


H 


G 


TTC 


'CAT 


GGG 


S 


A 


A 


TCG 


GCC 


GCG 


G 


L 


I 


GGT 


T*^G 


ATC 
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SUBSTTTUTE SHEET (RULE 25) 



WD 00/41 1"": 



FCT/US9b/J0498 



POLYCLCN/^ Ai-TTI 
FROM R2 6 



A. 7 



S 



CAC 


TCC 


TCG 


AGC 


s 


L 


F 


Q 


AGT 


TTG 




CAG 


G 


H 


H 


A 


GGC 


CAT 


CAT 


GCG 


i 


S 


R 


W 


ACG 


TC" 


AGG 





LE 10 {con'd) 

FERRITIN BimER SEQUEN^Ec^ 
I.IBRARY :a SERIES) ' 



SEC, in MO 



K 


Y 




G 


M 
ATG 


AAG 


TAT 


GGT 


GGT 


S 


Q 


M 


T 


A 


TCG 


CAG 


ATG 


ACC 


GCG 


G 


J. 


P 


P 


V 


GGG 


ACC 


CCC 






S 


R 




TAT 




AGA 









260 



A. 8 



CAC 


TCC 


TCG 


S 


V 


A 


TCG 


GTC 


GCC 


A 


P 


S 


GCG 


CCG 


TCG 


K 


P 


F 


AAG 


CCC 


TTC 




L F 


0 


TTG TTT 


CAG 


s s 


A 


TCG TCC 


GCG 


R S 


P 


CGG TCG 


CCC 



161 



A. 5 



CAC 


TCC 


TCG 


I 


G 


A 


ATC 


GGT 


GCT 


A 


N 


N 


GCT 


AAC 


AAC 


T 


S 


D 


ACT 


TCC 


GAT 



S 


L 


A 


AGT 


TTG 


GCG 


S 


L 


F 


TCG 


TTG 


TTT 


p 


S 


I 


CCG 


AGC 


ATC 


V 


S 


R 


GTT 


TCT 


AGA 



Y 


£ 


P 


TAC 




CCC 


Q 


s 


A 


CAG 


TCC 


GCG 


P 


R 


R 


CCC 


CGT 





2d2 



A. 11 



CAC 




TCG 


AGC 




A 


L 


P 


ACT 


GCT 


TTG 


CCG 


A 


p 


P 


M 


GCG 


CCG 


CCG 


ATG 




F 


0 


M 


CTT 




CAG 


i, O 



Q 

TTG CAG 
R 

TGG AGG 

L S 
CTT TCC 

S R 
TCT AGA 



L 


F 


T 


CTG 


TTT 


ACC 


D 


T 


A 


GAC 


ACC 


GCG 


N 


S 


A 


AAC 


AGC 


GCC 
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SUBSTITUTE SHEET (RULE 25) 



V\0 96/41 1"2 



PCT/US96/10498 



TABLE 10 (con'd) 

PCI.YC:i.ONAl. Aim -FERRITIN HltTTER SEQUZi^C^S 
FROM R2£ LIBRARY (A SERIES) 



NUCLEOTIDE SEQUENCES 



SEQ ID NO : 



A. 12 



CAC 




TCG 


AGC 


S 


£ 


1^ 


Q 


TCG 


GAG 


AAT 


CAG 


V 


A 


G 


G 


GTT 


GCC 


GGG 


GGC 


N 


3 


K 




AAT 


AGC 


CAC 


'^GG 



A 


A 


G 


G 


T 


GCT 


GCC 






ACC 


N 


S 


w 


A 


A 


AAC 


AGT 


TGG 


GCC 


GCG 


A 


S 




F 


Q 


GCG 


AGT 


CTT 




CAG 




R 










AGA 









A. 13 



CAC 


TCC 


TCG 


AGT 


H 


G 


R 


A 


CAC 


GGC 


CGG 


GCT 






G 


S 


GGC 


AAC 


GGG 


AGT 


A 


L 


S 


S 


GCT 


CTG 


TCC 


AGC 



F 


R 


s 


S 


P 


TTT 


CGG 




TCG 


CCC 


M 




Q 


S 


A 


ATG 


TTC 


CAG 




GCG 


F 


G 


K 


V 


P 




GGG 


AAT 


GTC 


CCG 


S 


R 








TCT 


AGA 









A. 14 



CAC 


TCC 


TCG 


AGT 


V 


S 


Y 


G 


GTC 


TCG 


TAT 


GGG 


A 


A 


S 


H 


GCC 


GCT 


TCG 


CAT 


F 




Q 


\^ 


TTC 


TTC 


CAG 


GTC 



T 


R 


T 


S 


Q 


ACG 


CGC 


ACT 


TCC 


CAG 


V 


S 


R 


P 


A 


GTC 


AGT 


CGT 


CCC 


GCG 


c 


p 


Q 


R 


A 


TCG 


CCT 


CAG 


AGG 


GCT 


c 


R 










AGA 









CAC 




TCG 


H 


3 


S 


GCC 


AAG 


AAC 


A 


V 


N 


GGG 


CGT 


GCC 


G 


R 


A 


AAT 


AAC 


GGG 


N 


N 


G 



AGC 


CCT 


TGG 


S 


F 


W 


GAC 


GAC 


GGT 


D 


D 


G 


CTT 


J. TT 


AAG 


L 


F 


K 


ACT 


TCT 


AGA 


T 


c 


R 



AAT 


GTG 


AAT 


N 


V 


N 


ATG 




GCG 


M 


A 


A 


CAG 


GCG 




Q 


A 


L 
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SUBSTTTUTE SHEET (RULE 25) 



wo 96/4 11 "2 



PCT/US96/10498 



TABLE 10 (con'd) 

POLYCLONAl. Ai-m- FERRITIN BIITDER SEOnEl'Tr-Trc; 
FROM R25 LIBRARY [A SERIES} 

NUCLEOTIDE SFTQUENCE..^ 



A. 24 



CAC TCC TCG 

R T N 

AGG ACT AAT 

D R s 

GAC CGT TCC 

D L 

ACG GAT TTG 





M 


F 


AGT 


ATG 


TTT 


L 


Q 


L 


TTG 


CAG 


AAG 


F 


T 


P 




ACC 


CCT 


D 


S 


R 


GAT 


TCT 


AGA 



Q 


E 


H 


TAG 


GAG 


CAT 


D 


T 


A 


GAC 


ACC 


GCG 


G 


y 


R 


GGT 


'n'n in 


CGC 



SEC ID NH- 
268 



CAC 


TC^ 


TCG 


R 


P 


G 




ccc 


GGG 


G 


L 


Q 


GGT 


CTG 


CAG 


N 


P 


T 


AAC 


ccc 


ACC 







V 


AGT 


ACG 


GTT 


r 


E 


Q 




GAG 


CAG 


Q 


G 


Q 


CAG 


GGA 


CAG 


P 


S 


R 


CCC 


TCT 


AGA 



S 


r 


K 


AGC 


TTT 


AAG 


M 


A 


A 


ATG 


GCC 


GCG 


S 


S 


I 


AGT 


TCC 


ATC 
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SUBSTTTUTE SHEET (RULE 2S) 



W C) 96/4 n "2 



PCT/IIS96/1049S 



TABLE 11 

FOL.YCLOKAL AITTI-FERRmi; HINDER SEQUENCE- 
PROM R2£ LIERARA' (E SERIES) 



RELE^7A:TT .^^MINO acid SEyUEI-JCES 



SEC, rp. m 



HS I^ELSIKGTPVMGYTPRNIQEPKI-STDRNAP ->nr. 

^SSSPSITSMGWSGATSAVSG3SSFW0H\"/HSP ^4. 

H2SSCYFCDTGVGAPASAGTWSA1TGNNIHLTSP ^nt 

B13 HSSSmsFFnrnpT.'DCTn'trK-mxT. r.xTTT-r.T^«,-,,,«^ ^'-^ 



^ ^ HS S S CYFCDTGVG APAS AGTWS AITGNNIHLTSR 

HSSSmSFFQIDRLRSTAVNRIASITHPPMPNSP 

HSSSIDGIQGHSGLFGTAASRGIGNTVT^FQASR " 



274 
? 7 c 



Bie HSSSGGYKLKAGERNLAAAYAGTSSGERGLTSP 

^20 HSSROITAKPLTSVAJTLRGGDAI.FTQMRLHHSP .-y^ 

^t,^ HSSSLGNYKRGGMALFTAASSSRGQATERPVSP 

HSSSSMFCGAMFCQSSSAEHSRTTFKi:Air/X.SP t 
^3 HSSSIW.OSTOVKLCVSADSPGTPASAFFOISP Xll 

HSSSLFQENtXRGFLMSAGPST NRASTIDGSR ^on 

HS£SASNGS3LFl.T3LKPAGGrXKLAPRATGISP 



SEQENCnr ALIGrJEC BY APPAPFTr^ 



Bl 

BIC 

B13 

B17 

B20 

B22 

B23 

B3 

B2E 

B27 

b:li 
BIB 



HS LEL 
HSSSFSITSMGWSAGTSAVS 
HSS 

hsss:dgio3HS3lfgtaasrg: 

HSSR^ITAHPLTSVANLR 
HSSSLtGNYNR 
HSSSSMF 

ksssivkos\t:v^jlovsadspgt 



SEC i:.' NO: 



HSS5AS ri< a J 
HSSSCYFCDTGVGAPASAGTWSAtJGrTKTKLTSF 
HSSSGGYra^GEPJ^LAAAYAGTSSGERGI.T5R 



SIWOTP VKGYTP:^J^IOEPiU-STDRNAP 

GGSSrwO H^-VHSR 

SKDSFFQ IDDRI^RSTAVNRIASITKPPKPNSF 

GNTVMFQ ASR 

GGDALFT QMRLHHSR 

GGMALFT AASS3RG0A7ERPVSP 

CGAMFCO SSSAEHSRTTFKEAinrLSF 

PASAFFO ISR 

HSSSLFy INKXRGFLMSAGPSTXl^ARASTIDGSR 

NGSSLFN CLKPAGGKLfG-APRATGISF 



270 
271 
273 
274 
276 
277 
276 
279 
280 
281 
272 
275 
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SUBSTITUTE SHEET (RULE 25) 



wo 90/4 n "2 



PCT/US96/10498 



TABLE 11 (con'd) 

POLYCLOi;;^ Aim -FERRITIN BII,XER EEQUENGE^ 
FROM R2l I^IBRARV (3 SERIES: 



B. 1 







L 


E 


L 


S 


CAC 


TCC 


CTA 


GAA 


CTC 


AGC 


T 


P 


V 


M 


G 


Y 


ACC 


CCC 


GTG 


ATG 


GGA 


TAC 


N 


I 


0 


E 


P 


K 


AAC 


ATC 


CAG 


GAG 


CCC 


AAA 


D 


R 


N 


A 


R 


P 


GAC 


CGG 


AAC 


GCT 


CGA 


ccir 



SEP ir NO: 



I i: G 

ATA AAC GGA 

T P R 

ACG CCG CGG 
S T 

CTC AGC ACA 

S R 

TCG AGA 



2S2 



E. 10 



CAC TCC TCG AGC 

ATG GGT TGG TCZ 
^' S G G 

GTG AGC GGT GGT 

H ^' V K 

C?i.T TAT GTG CAC 



F 


S 




T 


S 


TTC 


TCC 


ATT 


ACC 




G 


A 




G 


A 


GGT 


GCC 


ACC 


TCC 


GCG 


S 


£ 


p 


W 


C 


TCG 


AGC 


TTC 


TGG 


CAG 


S 


R 








TCT 


AGA 









CAC 


TCC 


TCG 


T 


G 


V 


ACG 


GGT 


GTT 


G 


T 


w 


GGC 


ACC 


TGG 


I 


H 


L- 


ATC 


CAC 


TTK 





C 


Y 


AGT 


TGT 


TAT 


G 


A 


P 


GGC 


GCT 




S 


A 


N 


TCT 


GCT 


AAC 




S 


R 


ACC 


TCT 


AGA 



F 


C 


D 




TGT 


GAC 


A 


S 


A 


GCG 






G 


N 


K 


GGG 


AAC 


AAT 











K 


D 




CAC 




J. 


AGC 


AAG 


GAT 






I 


D 


R 




R 


S 


CAC 


ATT 


GAT 


CGT 


CTG 


AG 3 


AGT 


V 


N 


R 


I 


A 


S 


U 


GTG 


AAC 


CGG 


ATT 


GCG 


TCT 


AAT 


P 


M 


F 


N 


C 


R 




CCC 


ATG 


CCG 


AAT 




AGA 





H 

CAT 
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SUBSTITUTE SHEET (RULE 25) 



wo %/41l72 



PCT/L'S96/I0498 



TABLE 11 (con'd) 



^TJCLEO-rnr cr.^^^,. 



B.17 



CAC 


TCC 


TCG 




H 


S 

AGT 


GGG 
T 


CAC 


A 


A 


ACC 
T 


GCG 


GCC 


V 


M 

ATG 


ACT 


GT3 



B.lg 



B.22 



CAC 
H 

70 


S 




CAT 
H 


GCC 
A 


GGT 
G 


GCT 

A 


TAT 

Y 


GCC 
A 


CGT 


GGT 


10 
CTT 


E 


R 


G 



CAC 


TCC 


Tcrr 


P 


L 


T 


CCT 


CTA 


ACG 


G 


G 


D 


GGA 

R 


GGA 


GAT 


CGC 


TTG 


H 

CAC 



■CAC 

H 
CGT 

R 
GCT 

A 
GAG 

E 





D 


G 


ATC 


GAT 


GGT 


L 


F 


G 


TTG 




GGG 


R 


G 




AGG 


GGT 


ATT 


0 






CAG 


GCC 


TCT 



ATC GAT GCT 

G L IT ^TC 

GGT 
S 

TCT ar:;:" ^ G 



286 

Q 
CAG 



F_ -5 ^TT GGG 

AGA 



TTG 

L 



AGC 

S 


GGT 


GGG 


TAC 


AAG 






G 


Y 


K 


GAG 

E 
GGT 

G 


CGG 

R 
ACC 

1 


AAT 

N 
AGT 

S 


TTG 

L 
TCC 

S 


GCC 

A 
GGT 


ACT 
T 


TCT 

S 


AGA 

R 







2B7 



A 
GAG 



S V i GCA cAr- 

GTG ^ L R " 

L F^^ CGC 

GCC CTT T-r^ 0 

H s ^-C: ca; 
CAT 



S R ATG 

r*CT AGA 



GGT 

G 


TCG 

r 

G 


AGT 

S 
ATG 

K 


TTG 

L 
GCG 


GGT 
TTG 


AGC 


TCG 


A 


L 


S 
CQG 
R 


p 


c 

GTT 

V 


CGG 

R 
T.CT 


GCT 
AGA 






S 


R 



AAT 
N 


TAT 

y 


AAT 


TTT 
p 


ACC 


N 
GCG 


CAG 

Q 


GCC 
A 


A 
ACG 
T 
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SUBSTTTUTE SHEET (RULE 25) 



285 



wo 96/4 n 72 



F*CT/US96/1049S 



TABLE 11 {con'd} 
FROM R2£; LIBEARi SERIES) 



B.23 











S 




CAC 


TCC 


TCG 


AGC 


TCC 


ATC 


A 


M 


F 


C 


c 


S 


GCG 


ATG 




TGT 


CAG 


AGC 


E 


H 


£ 


R 


T 




GAG 


CAC 


TCC 


CGT 


ACC 


ACG 


A 


K 


Y 


L 


S 


R 


GCT 


AAT 


TAC 


CTG 




AGA 



CAC 


TCC 


TCG 


AGC 


ATC 


GTC 




D 


V 


K 


L 


c 


GTT 


GAT 


GTT 


AAT 


TTG 


CAG 


D 


S 


P 


G 




P 


GAC 


AGC 


CCT 


GGG 


ACG 


CCG 


F 


F 


Q 


I 


S 


R 






CAG 


ATT 


TCT 


AGA 


CAC 


TCC 


TCG 


AGT 


TTG 


TTC 


H 


S 


S 


£ 


L 


F 


70 












AAG 


TTG 


AGG 


GGC 




TTG 


K 


L 


R 


G 


F 


L 


GGT 




AGT 


ACC 


NAC 


AAT 


G 


P 


S 


T 




ti 






10 








ACG 


ATC 


GGC 


GAT 




AGA 


T 


I 


G 


D 


S 


F 



F 


C 


G 


TTT 


TGC 


GGC 


S 


S 


A 


TCT 


TCC 


GCG 


F 


K 


E 


TTT 


AAG 


GAG 



290 



AAG CAG TCT 

V £ a"" 

GTC TCC GCG 

AS A 

GCT AGC GCC 



CAG GAG AAT 

Q E N 

ATG TCC GCG 

MSA 
CGG GCG TCC 

R A s' 



231 



CAC 


TCC 


TCG 


AGC 


GCC 


H 


£ 


S 


S 


A 


"C 










TCG 




TTT 


AAT 


GAC 


s 


L 


F 


N 


D 


GGT 


GGG 


AAG 


CTT 


AAG 


G 


G 


K 




K 










IC 


GCC 


ACG 


GGT 


ATT 




A 


T 


G 


I 


£ 



AAC GGG TCG 

G 



TTG AAG 
L K 



AGA 

R 



CCG 
P 
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SUBSTITUTE SHEET (RULE 26) 



wo 96/4 n^: 



PCT/IJS96/10498 



TABLE 



FROM R2£ I.:BRARY iC SERIES) 



~ ^ 3E0 ID NO: 

C2 HSSSSSL0T3GRAFFLTAGMPGGSTAIPGGLSF 

CIQ HSSRPLWQ^-DA KAADTAEYYLSm: SHPSDSR 

C12 H3SP.S0SS FOI^SSTPAERMSTMRUTVPDASR 

C14 KSSSLF0LP^SDKHP0AAGT£SA5FGK SllHSR 

Cie H3SSLF0IEAVPHWRKPADSH0LRAIHPHGDSR -^^"^ 

C2C HSSSWRYSEVTAHDIPAAGAPLFQHER^XT SP ^ ® 

C21 HSSSPGSL KSITDRITSAAAPAPSSNPLPSRSR 

C23 HSSSLFOm-VEGREKY AESPTTIJILFHRHGSR 

C2 6 HSPSGG3VMWRL::J7LDSADR fmCAKASGVSSR 

C2 8 HSSSTMLCLNPLCTrsTAAGRLDTYT^JPST^SR 

C2 9 HSPRPK SEUDSVKYWPAGRAFFRi;-rFT^LASR 

304 



SEQUENrES ALinN'ED P.Y APPAREfTT V^^TT PS 



SEP ID i:0: 



'^'^^SSSl^^T GGRAFFL TAGWPGGSTAIPGGLSP 
^29 HSPRPK SELDSVrmsP AGRAFFR EPPT LASR 



^^^^ SgSS F9 LHSSTPAERMSTMRLrr/PEASF 

"^SSLF^ KWEGREF^ AESPTTITILFHRHGSR 

i;"p HSSSLF^ LRSSDKHP0AAGTSSA3FGN SNHSR ^.q; 

wrv<.r--t.r^T.:. "^^^^1:^ I^VPHWRRPADSKOLRAIHPHGDSR 

-^C H^SSWHYSE^vTAKCIFA AGAFLFQ HERYLT SR 



CIO HSSRPI.WOVDA KAAD'"AEY^'^^qK-) cHDcnec 

„---p--^ v'cr^^Cnv.^CT:^,^ -^HPSDSR - no apparent motifs nqc 

HsssPvj^^ ksit:;ri^saaafapsskflp3rsr 
C2t HSPSGG'J'v^TWRLSNLDSADR ktkahasgvssr 
C2 8 HSSSTMLCU^PI.CWTT^GRI.nTl'-nJP^TTSF 

303 
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SUBSTITUTE SHEET (RULE 25) 



O 96/41 1 "2 

FCT/IJS96/10498 



TABLE 12 (con'd) 

POLYCLONAL ^;TI- FERRITIN EINDER SEQUENC-S 
rROM R26 LIBRARY (Z SEEIES] 

NUCLEOTI LE SE0rJR^7^^c 

SEC ID MO- 

C.2 



TCT 

S 


CAC 

K 


TCC 

<r 


TCG 

S 


AGT 

S 


TCC 

S 


AGE 
S 


TTG 

L 


CAG 

Q 


305 


ACG 
T 


GGT 

G 


GGC 
G 


CGG 
E 


GCG 
A 


TTC 
F 


TTT 

F 


TTG 
L 


ACC 




GCG 

A 


GGT 

G 


ATT 

r; 


CCG 

F 


GGC 

G 


GGT 
G 


TCG 


ACT 
T 


GGC 
A 




ATC 

I 


CCG 
F 


GGT 

G 


GGC 

G 


GTC 
L 


S 


AGA 


ca^; 
p 


TCG 

S 





AGA 

R 



C.IO 



C.12 



TCT 

S 


'CAC 
H 


TCC 

S 


TCG 

S 


AGG 
R 


CCT 
P 


CTG 
L 


TGG 
W 


CAG 


3 0b 


GTT 
V 


GAT 

D 


GCT 
A 


NTG 


AAG 
K 


GCT 
A 


GCG 
A 


GAC 

D 


ACC 
T 




GCG 
A 


GAG 

E 


TA.T 

Y 


TAT 

Y 


CTC 


TCT 

S 


CAT 

H 


GAC 

D 


CGK 




TCG 

S 


CAC 
H 


CCG 

P 


TCG 

S 


GAC 

L 


TCT 

S 


AGA 

R 


CCA 
P 


TCG 

S 




AGA 

R 




















C 


CAC 
H 


TCC 

£ 


TCG 

S 


AGG 
R 


AGT 

S 


CAG 

C 


AGT 

S 


s 


3 07 


CNT 


F 


CAG 
Q 


TTG 
L 


CAT 
K 


TCG 
£ 


TCC 
S 


ACG 


CCC 

p 




GCG 

A 


GAG 
E 


CGC 
R 


ATG 
M 


AGC 

£ 


ACC 
T 


ATG 

M 


CGC 
R 


CTT 
L 




AAT 

N 


3TG 
V 


CCC 

F 


GAT 

D 


GCG 
A 


TCT 

S 


AGA 

R 


CCN 
F 


TCG 

S 





AGA 
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SUBSTITUTE SHEET (RULE 25) 



wo 96/41172 



PCT/LS96/ 10498 



TABLE 12 (con'd) 

POI.YCLONAI. ANTI -FERRITIN EII:dER SKQUKUZ^^^ 
FROM R2e L:BRARY iC SERIES) 



S 


CAC 
K 


TCC 

S 


TCG 

S 


AGT 

S 


CTT 

L 


F 


CAG 
Q 


TTG 

I 


AGG 

E 


TCT 

A 


AGT 

V 


GAC 
P 


AAG 

H 


CAC 
W 


CCG 

R 


CAG 

R 


GCC 

P 


GCG 
A 


GGT 
D 


ACC 

£ 


TCC 
H 


TCC 

Q 


GCG 

L 


ACC 

R 


TTT 

A 


GGC 
I 


AAT 

K 


NCC 

? 


AGT 
H 


AAT 


L 


S 


AGA 

R 


CCA 

P 


TCG 

S 


AGA 

R 


















TCT 

£ 


CAC 
H 


TCC 

S 


TC3 
S 


AGT 

S 


CTT 


F 


CAG 

0 


ATT 


GAG 
E 


GCG 
A 


GTG 

V 


P 


CAC 
H 


TGG 
W 


AGG 

R 


CGG 
R 


CCC 
P 


GCG 
A 


GAC 
D 


AGC 

S 


CAT 
H 


CAG 

Q 


CTC 


CGG 
R 


GCG 
A 


ATT 

I 


CAC 
H 


CCC 

P 


CAT 


GGG 
G 


GAT 

D 


TCT 

S 


AGA 

R 


CCK 
P 


TCG 

S 


AGA 
R 


















TCT 

S 


CAC 
H 


S 


TCG 

S 


AGT 

S 


L 


r 


CAG 


AAT 

K 


GTG 
V 


GTC 
V 


GAG 
E 


GGT 

G 


CGT 
R 


GAG 
E 


ATG 
M 


TAT 

Y 


NCC 


GCG 
A 


GAG 
E 


AGC 
S 


CCT 
P 


ACC 
T 


ACC 
T 


AAC 
N 


ATT 

I 


CTT 
L 


TTC 

F 


CAT 
H 


CGT 
R 


CAT 

H 


GGG 
G 


TCT 

S 


AGA 
R 


cc^: 

p 


TCG 

S 



AGA 

R 
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SUBSTITUTH SHEET (RULE 25) 



wo *^6/4n"2 



PC r/L'SVb 10498 



TABLE 12 (con'd) 

POLYCLOKAL A:.^T I - FERRITIN EIITOER SEQUENCES 
Fr^OlA k2 6 L^BKAKY (C SERIES) 



C.21 



TCT 
S 


CAC 
H 


TCC 

S 


TCG 
S 


AGT 

S 


CCT 
P 


GGG 

G 


TCT 

S 


CTT 
L 


NCC 


AAG 

K 


AGT 

S 


ATT 

I 


ACT 
T 


GAT 

D 


AGG 
R 


AAT 
U 


TCG 
S 


GCG 
A 


GCT 

A 


GCC 
A 


ccc 
? 


GCT 
A 


CCG 

P 


TCC 

S 


TCC 

S 


AAT 

N 


CCT 

r 


CTG 


P 


s 


AGG 
R 


TCT 
S 


AGA 

R 


CCA 
P 


TCG 
S 



AGA 

R 



311 



C.23 



TCT 
S 


CAC 
H 


TCC 

S 


TCG 

£ 


AGT 

S 


CTG 


F 


TAG 
Q 


AAT 

N 


3 12 


GTG 

V 


GTC 

V 


GAG 
E 


GGT 

G 


CGT 
R 


GAG 
E 


ATG 
M 


TAT 

Y 


NCC 




GCG 
A 


GAG 

E 


AGC 
S 


P 


ACC 
T 


ACC 


AAC 


ATT 


CTT 

L 





AGA 

R 



"^"^ "5^ ^-"^ TCG 



.25 



1' T "5= =s= 



1= =™ ^'^^ AAT TTG GAT TCC 

" ^- - s t; D s 

GCG GAC CCT MCC AAG ACC AAC GCT CAC 

^ * ■'^ H 

GCT AGC GGC CTT TCN TCT AGA C.CA TCC 

^ S G V S R p s 

AGA 

F. 
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SUBSTITUTE SHEET (RULE 25) 



w o ^6/41172 



PCT/LS96/10498 



TABLE 12 (coG'd) 

rnJCLEOTIDE SEQUENCES 

gg:0 TP KTQ. 



C.28 



TCT 

S 


GAC 

H 


TCC 


TCG 
S 


AGT 

S 


ACT 


ATG 
M 


TTG 
L 


TGC 

c 


TTG 

L 


AAC 
N 


CCC 

P 


CTT 
L 


TGC 

C 


TGG 
W 


ACC 
T 


GCG 
A 


GCT 
A 


GGC 

G 


AGA 

P 




GAT 

D 


ACC 
T 


TAC 


ACC 
T 


A_2.T 


CCC 

P 


S 


ACC 
T 


ACG 


TCT 
£ 


AGA 
R 


CCA 
F 


TC3 

S 


AGA 

R 





314 



£ 


CAC 
H 


S 


CCG 
P 


GAG 
E 


CTT 

L 


GAT 
D 


TCG 
S 


GCG 
A 


GG3 
G 


CGG 
R 


GCC 
A 


CCC 
P 


ACT 
T 


AAN 


TTG 



AGA 



AGG 

R 


^ w J 

p 


AAG 
K 


GN'T 


TCT 
S 


GTT 

V 


AAT 

N 


TAC 
Y 


TGG 
W 


CCC 

P 


TTC 
F 


TTT 
F 


CGC 

R 


GAC 


^"^ 


GCG 
A 




AGA 
P 


CCA 

P 


TCG 

S 
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SUBSTITUTE SHEET (RULE 25) 



wo 96/4 11 



TABLE 13 

POLYCLONAL Ar:T: - rEKRITI!: BINDEF SEQUKNCES 
FROK R2e LIBRARY (L SERIES) 



RELEVATTT AMINO ACID SEQUENCES SEP ID KG: 



D3 HPSSSGGFWSYRAGGSAAFQNLTQEHPNT SF 316 

1)6 KSS TWSIDTGR NKPAAVK TKTD rWPILSR 317 

D7 HSSSTGRVSTLFQVQRAAX)PSLHRPP.ARAT\^SR 318 

D12 HSPRLYGGEALFOLL SADDRSPSSSCTKC SP 319 

D17 HSSSSYGGRALFA QNPAVY TGHIPS RHTSR 320 

D19 KSSSFMDIRKSPVAGTSAEDT\'ADFADQPRKSF 321 

D20 HSSSFVLGTAGGSNVLSAGLALFQQGANGPDSF 322 

D21 HSSS\^ASGGEVLFKKTAAFSSNPJiP3Si;AP£R 32 3 

D23 hsspj:ldevavg\t:egrgnaf?k?:fstiinsk 324 

D2 5 HSSSFFOFYNIJGESRTEADRTrTRSEPDSHRSR 32 5 

D2 6 HSSSSAFFOraGRSLSSAGPHLTTNITPPHQSR 326 

D29 HSSRNSFFWGDDRWATAEFPITI;MF:?HSICRSR 32 7 



SEQUENCES ALIGNED BY APPARENT MQTIFS SEQ IC NO: 



D23 KSSRI^LDEVAVGVEEG RGNAFFK KrSTIIN3R 324 

D21* HS SS VTAS GGEVLFK KTAAFSSNRKPSSNAP5R 323 

D3 HPSSSGGFV\''SyRA GGSAAFQ NLTQEHPNT SR 316 

D12 HSPRLY GGEALFQ LL SADDRS PSSSCTKC SR 3 19 

D17 HSSSSY GGRALFA QNPAW TGHIF3 RKTSR 320 

D7 HSSSTG RVSTLFQ V^RAADPS LHRPFARATVSR 318 

D2 0 HSSSF^w'^LGTAGGSNVLS AGLALFQ CGANGPDSR 3 22 

5 HSSSFFQ FYNNGESRTSADKTFTRSEPDSHRSR 325 

D26 HS SSSAFFQ WGRSLSSAGPHLTTNITPPKQSR 326 

D2 9 HESRJs^SFEWGDDRV7JATA^P PITWMFQ HSKRSR 327 



D6* HSS TWSIDTGR NKPAAVK THTD NT^^PILSR - no apcaren!: merits 317 
DIS HSSSFMDIRtCSFVAGTSAEDT^w'ADFADQPRKSR 321 
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SUBSTITUTE SHEET (RULE 25) 



wo 96/4 ii"-: 



PCT/LS96/UM98 



TABLE 13 {con'd) 

POLYCLONAL A1:T I - FERRITIK BINDER SECUENCE^ 
FROM R2£ LIBRARY ( L SERIES) 



r^cLEcrrrE seq-encec; 



D.3 

TCT CAC CC^ 

S H P 

GTT TCG TAT 

V S Y 

TTT CAG AAT 

0 M 

ACG GAiV TCT 



TCG 


AGT 


AGT 


GGC 


S 


S 


£ 


G 


CGG 


GCC 


GGG 


GGC 


R 


A 


G 


G 


CTG 


ACT 


CAG 


GAG 


L 




C 


E 


AGA 


CC?: 




AGA 


R 


P 


£ 


R 



£E0. :r^. Ko. 



32E 



GGG 


TTC 


GTG 


G 


F 


V 


TCC 


GCG 


GCG 


S 


A 


A 


CAT 


CCC 


AAC 


K 


p 


N 



D. 6 





CAC 




TCG 


::gg 


s 


H 


S 




ACT 


GGG 




ANC 


AAC 






R 




N' 


CAT 


WAG 


ACT 


CAT 


ACC 


H 




T 


H 


T 


ATT 


CTG 


TCT 


AGA 


CCA 


I 


L 


S 


R 


F 



ACT 


TGG 


TCG 


ATT 


GAC 


T 


W 


S 


I 


D 


AAG 


CCG 


GCC 


GCG 


GTC 


K 


P 


A 


A 


V 


GAC 


NGG 


AAC 


AAT 


CCC 


r 




N 


N 


p 


TCG 


AGA 








£ 


R 









D . 7 



TCT CAC 



Ac: 



L 



S H 3 s S 



AGO ACT GGC 



CCT AGT CTC CAC 

P S L H 

ACC GTC TCT AGA CCA 

T V s 



G 



CAG GTT CAG AGG 

Q V r 



R 

AGG CCG CCG 
R F p 

TCG AGA 



R P £ H 



AGG 


GTT 


AGT 


R 


V 


S 


GCC 


GCG 


GAT 


A 


A 


D 


GCG 


CGC 


GCC 


A 


R 


A 



330 



D.12 



£ B S p --C GAG 

GCG CTT -Tr rt.r, n-- G G E 



K C 



TCC 


CCG 


AGG 


TTG 


TAC 


s 


p 


R 


L 


Y 


TTC 


CAG 


CTG 


CTT 


NTG 


F 


Q 




L 




VJ ^» 




CCC 


AGC 


AGC 


R 


S 


p 


£ 


S 


GAi; 




AGA 


CCA 


TCG 




£ 


R 


P 


S 



A L F Q . " , - ^-^'^ 

GAT C.C .CT CCC ACC A.C JcT ^.C ACG 

AAG TGT GAi; TCT Ar.t n^^r. ^ 



AGA 
R 
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SUBSTITUTE SHEET (RULE 25) 



wo 96/4 n "2 



TABLE 







POLY 


CL ONAL 


ai;ti 








FROM 




nttcle: 




ssour:T:c 


PC 




D.17 










TCT 


CAC 


TCC 


TCG 


AGC 


S 


H 


s 


S 


S 


AGG 


GCG 


TTG 


TTT 


GCG 


R 


A 


L 


p 


A 


GCG 


GTG 


TAT 


NCG 


ACG 


A 


V 


Y 




T 


TCG 


NTT 


CGT 


CAC 


ACG 


S 




R 


H 




AGA 




















D.IS 










CAC 


TCC 


TCG 


AGC 


TTT 


H 


c 


S 


c 


F 


AAG 


TCTC 


CCC 


GTT 


G CC 


K 


S 


p 


\'' 


A 


GAG 


GAC 


ACC 


GTT 


GCT 


£ 


D 


T 


\r 


/I 


CCC 


CGG 


AAG 




AGA 


p 


R 


K 




R 


D.20 










CAC 


TCC 


TCG 


AGT 


TTT 


H 


S 


S 


S 


p 


GGC 


GGT 


AGC 


AAT 


GTG 


G 


G 


S 


N 


V 




CTC 


TTC 


CAG 


CAG 


A 


L 




Q 


0 


GAC 


TCT 


AGA 






D 


S 


R 






D.21 










CAC 


TCC 


TCG 


AGC 


GTT 


S 


S 


V 


T 


A 


GTG 


TTG 




/^G 


AAG 


T T 


L 




f: 


K 


AGC 


TCC 


AAC 


CGG 


CAT 


2 


£ 


K 


R 


H 



TCT AGA 

S R 



PCT/IJS96 10498 



13 (con'd) 

RR I T I E I KD E R S EQUENCE S 
BRAR-Y (D SERIES f 



332 



s 


TAC 


GGC 








ANC 


CAG 
w 


7^C 
N 


CCC 

p 






GGT 


CAC 


ATC 


CCT 






G 


H 


I 


p 






TCT 


AGA 


CCA 


TCG 






r* 


R 




G 






ATG 




ATC 


AGG 




33 


M 


D 




R 






GGC 


TAT 




G CG 






G 


Y 


s 


A 






GAG 


TTC 


GCG 


GAC 






D 


F 


A 


D 




33 


GTG 




GGG 


ACG 


GCC 




V 


L 


G 




A 




TTG 




GCG 


GGT 






i_j 


S 


A 


G 


L 








AAT 


GGC 








A 


i; 


G 


P 


3 3 


ACC 


GCC 


AGC 


GGC 




GAG 


2 


G 


G 


G 






ACC 


GCG 


GCG 










A 


A 


F 






CCG 


AGC 




AAC 


'sj CT 


C CG 


P 


S 


£ 


r: 


A 


r 
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SUBSTITUTE SHEET (RULE 25) 



wo 96 411 "^2 



PCT/LS96/HM98 



TABLE 13 (con'd) 

FROK R2€ LIER/J^IY r , SERIES; 

trjcLrc^TTTE segue:; 2 K.^ 

I).23 

CAC TCC TCC ^.T TT. OAC GAA 3TT OCA 

GT^ cac CTG coc olc Jt C^C 

* i i AAo AAG T'T'm Ar"^ ^^^^ , ^ 

F F K K ""s" "'T'^ 

TCT AGA ' ^ ^ - I N 

S P 



SEC. TT. N-i . 



336 



D.25 



CAC 


TCC 


TCG 


K 


S 


S 


AAT 


GGG 


GAG 


N 


G 


E 


ACG 


CCC 


ACG 




P 


T 


CGG 




AGA 


P. 


S 


R 



AG C 

S 


p 




CAG 




TAC 


AAC 


AGC 
£ 

AGG 
R 


^vjG 


ACT 


w' 

TCC 


p 

GCG 


Y 

GAT 


N 

CGT 


R 


GAG 
E 


c 
p 


A 

GAT 
D 


D 

AGT 
£ 


R 

CAC 
H 



337 



CAC 


TCC 


TCG 


AGC 


H 


S 


S 


S 


AAC 


GGG 


AGG 


AGC 


N 


G 


R 


S 


CAT 


CTC 


ACC 


ACC 


H 


L 




T 


CAG 


TCT 


AGA 




0 


S 


R 





TCG GCC TTC 
£ A F 



F 



CAG 



rCT TCC GCG GGr- 

ATC ACC CCG C^r 

N I T p 



338 



D.25 



CAC 


TCC 


1 


H 


S 


s 


GAT 


GAT 


CGG 


D 


D 


R 


CCT 


ATC 


ACT 


P 


T 


T 


AGG 


TCT 


AGA 


R 


S 


R 



AGG 


AAT 


TCT 


R 


N 


S 


GTG 


AAT 


GCA 


V 


N 


A 


AAT 


ATG 


TTC 


N 


M 


F 



- - * 1 OVJt j j . 

F W G 

GCG GAG ^CC 

A E F 

CAC TCC AAG 

H S K 
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SUBSTTTUTE SHEET (RULE 25) 



FCTyaJS96/10498 



TABLE 14 

POLYCLON/vL A.VTI - FHTRR ITIi; BINDEF: SEQUEirc^E 
FROM R2C LIERARV AD SERIES) 



PELEVAr:T AM'rj^- ACTT ^^EOTTENCES 



SET NO: 



AD3 KSSSKY3GMSLFCS0MTAGHHAGTPPYTSRWSR ^ . n 

AIil4 KSSSLFQSTPGRVKLMFAATJDGISSTPGRIPSR 

ADIS KSSSYirWAGPJVFFRDTAVirTAYPQTAFETRSF nl" 
AD16 HSSS£S'."r/VP^;3AT3AVKT£NTA LHTDRSF 

AD17 SHSSROITAKPLTSVANLRGGDALFTQMRLKSR itt 
ADIB HSSSFDSVGGHSFFKSSAGSHHRAHARAPGNSR 
AD22 HSSSMF0EHRTNLQKNTADRSFTP3YRTrLHSR 
AD26 KSSSIRTPFSPJCYELVSAGASVAPLLLPISTSR 

AD 2 7 H£ SS GSSt<F0\T3RWSS AD IKKPPVK I FKYDSF ^ ^ p 

Ai:'2? HSSSSLF0RHNRVDMMPAAK1.'PPKD£ATI.KGSR 



APPARENT MOTI F5 



rr NO: 



ADi£ 
AD17 
AD16 
ADS 
AD27 
AD2 2 
AD2 9 
AD14 



sHssRcir;^ 



HSSSYN^,a^ 
'AKPLTSVANLK 
HSSSPDSV 
HSSSKY 
HSS 

H 



AGRAFFR DTAVNTAYPQTAFETRSR 

GGDALFT QMRLHSR 

GQHSFFK SSAGSHHRAHARAPGNSR 

GGMSLFO SOMTAGHHAGTPPYTSRWSR 

SGSSMF9 VDRWS3ADIKJ^PP\-URKYD3R 

HSssMFg ekrtoloki:tadrsftpgyrtdlksr 

SSSSLFO RHliRVDMMPAAHNPPKDSATLHGSR 
HSSSLFO STPGRVKLMPAANDGISSTPGRIFSR 



342 
344 
345 
34C 
348 
346 
349 
34i 



hDlG 



7 c c; c; c c * ^ 



/FJ^^;SATSA^^KTSNTA LHTDRSR 
AD2e HS3£IRTPFSFJ^YELVSAGPJ3VAFLI.LPISTSR 



no anoarent 



343 

347 
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SUBSTITUTE SHEET (RULE 25) 



VV O 96/41 172 



?*CT/US96/1()498 



TABLE 14 (con'd) 

AD. 3 -SEO ir Krn_._ 

TCT CAC — _ 350 

AGT TTG 



•I*TT GAG 



F 



CAT CAT 



A! 



R w 



Q 



AG A 

R 



A. 16 



1. i^U 



S £ 

TTT T"?'!' 

F F 

GCC TAC 



ACG CGG 



AGA CCT TCG A-i 

P S R 



AGC 

S 


AAG 


TAT 
Y 


GGT 
G 


GGT 
G 


62 
ATG 
M 


TCG 
S 


CAG 
Q 


ATG 
M 


ACC 


GCG 
A 


GGC 
G 


ACC 

T 


F 


CCG 

p 


TAT 


ACG 


c 


CCT 

P 


TCG 

S 


AGA 
R 








AGC 

y 

CGG 

R 


TAT 
K 

GAC 
D 


AAC 
V 
52 
CCC 

p 


GTG 

V 

GCG 
A 


GTT 

A 

GTC 
V 


GCT 
G 

N 


CCT 


CAG 


ACT 
A 


GCC 
F 


E 


GAG 
T 



AD. 15 

TCT CAC — ^ -51 

S H 

GGG CGC 

K A 

AAC ACC 



TCT 


CAC 

H 


TCC 
2 


TCG 

S 


AGT 

S 


S 


AGT 

S 


GTG 

V 


ACG 


2 

^TG 


GTG 


-GG 

R 










c 2 






V 


V 


GCG 
A 


AAC 
N 


TCG 
£ 


GCT 
A 


ACG 
T 


TCC 

£ 

KAG 

L 


GCG 
A 

CTT 


GTG 


AAG 
K 


AAG 
T 


ACC 

£ 


TCC 
N 


AAC 
T 


ACG 
A 


GCG 


V 

CAT 


ACG 

D 


GAC 

R 


AGG 

S 


AGA 
R 


F 


TCG 

s 


AGA 
R 


H 


T 



S2 
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SUBSTITUTE SHEET (RULE 25) 



wo 96/4]] "2 



I'CTaJS96/10498 



TABLE 14 (Gon'd) 

POLYCLOKAL AI;TI - FERRITIN BIICDER .SEQUENCES 
FROM K2£ LIBRARY ;/0 SERIES i 

NTJCLE::TiDr gE^iJF:::c:Es sec ii nc 

AD-18 353 

TCT CAC TCC TCG AGT CCG GAT AGC GTZ GGG 

SHSSSPDSVG 

5 2 

GGG CAT TCG TTT TTT AAG TCG TCC GCG GGC 
GHSFFKSSAG 



118/9 



SUBSTITUTE SHEET (RULE 2S) 



CAT CAC CGT GCG CAT GCG CGC GCG CCG 
S K H R A H A R A P 

GGC AAT T CT AG A C CT T CG AG A 
G K S R P S R 

AD. 26 354 

TCT CAC TCC TCG AGT ATT AGG ACG CCT TTT 

SKSSSIRTPF 

5 

TCT CGG AAT TAG GAG TTG GTT TCC GCG GGC 
SRNYELVSAG 

GCT AGC GTC GCT CCT CTC CTC TTG CCC ATC 

ASVAPLLLPI 

TCC ACT TCT AGA CCT TCG AGA 

S T S R ? S R 

AD. 27 355 

TCT CAC TCC TCG AGT GGG AGT TCG 

SHSSSGSS 
E2 

ATG TTC TAG GT^j GAT CGT GTC GTC 

M F C V D R V V 

TCT TCC GCG GAT ATC AAG ATG CCC 
5 G A D K P P 

CCC GTG CAC ATT CGC AAG TAT GAT 
P V H I R K Y D 

TCT AGA CCT TCG AGA 

3 R F S R 



WC) 96/41] -^2 



PCT/LS96/HM98 



TABLE 14 (con^d) 

PGLYCLONAI. .^^NTI - FERRITIN EINDEF SEOU"NCEq 
FROM R26 LIBRARY <AD SEPriES 



NTJCLEGTIDE SEQUENCEg 
AD. 2S 



82 

CGT 

R 



GCG 



AGA 

R 



CAC 
K 


TCC 

S 


TCG 
S 


AGT 

c; 


TCC 

S 


CTG 


T'^T 
F 


CAG 
Q 


CAC 
H 


AAC 
N 


AGG 
R 


GTC 

V 


GAT 
D 


ATG 
M 


ATG 
M 


ccc 
p 


A 


CAC 
H 


AAC 
N 


P 


CCG 
P 


AAG 

K 


GAT 

D 


T'CT 

3 


ACG 


CTC 
L 


CAC 

H 


G 


TCT 

S 


AGA 

R 


P 


TCG 
S 



SEP rr NO- 

356 
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SUBSTTTUTE SHEET (RULE 25) 



■It. 



wo 96/41 1?; 



PCT,T,'S96/10498 



TABLE 15 

PCLYCLOIJAL AUTI- FERRITIN BINDER s^-^T^ur,..^ 
FROM D3B LIBRARY •='"-^-1^ — 

RELEV M?T AMTNO Arm er-.or^.T 

T15--7 S=ifC?°^^5"^f^^^°VP-SIRDARPPAHPNSSHLTDWS^ 357 

" 362 



SEgUENrp? ALIGK^Fn =v nn p;,^^^.^ ^^^^^^ 



T15-4 HSSRGGGITGV GGG^^FO qppCv^^r^^^^^^^^SHLIDWSTSF 
TXS-.V HSSSDMPCRIS ISt^^Sp^^^^p^L"'^^^^ " 



361 
35S 
357 



HSSRGLG3NTGEGRTW3TSS0INLDAIPNYTTPHIR0TVPVSSR 

- no apparent motif 



362 



118/11 

SUBSTTTUTE SHEET (RULE 25) 



wo %/41172 

r^CT/L)S96/10498 



TABLE 15 (con'd) 
POLYCLOr;^ A^^Ti^PPP^.^ 



CAC 
H 

GTC 
\' 

CCC 

p 

CGC 

R 

CAC 

H 



TCC 

£ 

GGT 

G 

TCT 

GGC 

G 

ACT 
T 



TCG 

S 

GGG 
G 

GTT 

\' 

CAC 

K 



T. 15-10 



AGG 

GGT 
G 



r 

ACG 



AGA 
R 



CAC 
K 

GCT 
A 


TCC 
S 

121 
GCG 
A 


i CG 
S 

GGC 

G 


AGA 
R 

GGC 
G 


CGC 

P 


GAT 

D 


GTC 

V 


51 

CCG 

P 


GAC 
D 


€1 

GCC 

A 


AGG 
R 


CCC 
P 


AAT 
K 


AGC 

S 


AGC 

S 


CAT 

K 


AGC 
c 


ACT 

1 


TCT 

S 


AGA 
H 



GGT 

G 

GCG 
A 

AAC 

K 

ATT 

I 

ATC 

I 



A 



ATG 
M 

CTG 
L 



CTT 

L 



ATC 



G'2r 
A 



AGA 

R 



GGG 
G 


GGC 
G 


ATC 
I 


ACC 
T 


121 
GGG 


ATG 
M 


TTT 
F 


CAG 
Q 


TCC 
S 


91 

CGT 

R 


GCC 
A 


ATT 


AGC 


AAC 

K 


€1 

AAT 

N 


CCC 

p 


GAC 

D 


ACT 
T 


TTT 
F 


31 

CCC 

p 


GAA 
E 


GGT 

G 


CGC 
R 


GCT 
A 


1 

AGA 

R 


GGG 
G 


GAC 
D 


AGT 
S 






GCG 
A 


CTT 

L 


TTT 
F 






TCG 

S 


ATT 
I 


CGT 
R 






GCC 
A 


CAC 
H 


CCT 
P 






ATC 


GAT 

D 


TGG 

W 






GAA 
E 


GGT 

G 


GGC 

R 







3€3 



364 
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SUBSTITUTE SHEET (RULE 25) 



wo 96^4) 1-2 



rCT/US96a0498 



TABLE 15 (con'd) 

POLYCLONAL A::TI -FERRZTIN EIKTEK SEQUENCES 
FROr^ D3e LIBRARY 



CAC 


7CC 


TCG 


AGC 


ATG 


TTC 


CAG 


GAG 


GGT 


K 


S 


S 


S 




F 


Q 


E 


G 


121 


















AA.G 


CGG 


AGG 


GGT 


TTG 


CCG 


GGT 


TGG 


ATC 


K 


R 
91 


R 


G 


L 


? 


G 


W 


I 


TGC 


AAT 


GAG 


GGC 


CAT 


TCT 


CAC 


GCC 


A.TC 


r 


U 


E 


G 


K 


S 


H 


A 


I 






61 
















AAT 


CCC 


AAT 


CTC 


AAC 


CAG 


TCT 


CCC 






F 


K 


L 


N 


0 


C 


p 








31 












GAC 




AGT 


CCG 


GGC 






AGA 


ATC 


D 


? 


S 


F 


G 


F 




R 




GAA 




CGC 


GCT 


AGA 












G 


R 


A 


R 











L5 -27 



CAC 




TCG 


AGT 


GAC 


ATG 


CCG 


GGG 


CGG 


H 


S 


S 


S 


D 




P 


G 


R 


















79 


CGG 


GGT 


CGC 


GCC 


ATG 


TTC 


AAG 


GAG 


GTT 


R 


G 


R 


A 


M 


F 


K 


E 


V 


ACT 


ACC 


CAT 


GCC 


GAT 


GAG 


GTG 


GGC 


GGC 


T 






A 


D 


E 


V 


G 


G 




CAT 


CAT 


ACC 


CCG 


TCT 


AGA 






? 


H 


K 




P 


S 


R 







366 

ATT TCT 

I S 

CAC GCC 

H A 

ACG AAC 

T N 
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TABLE 15 ( con' d) 

POLYCLONAL ATm - FERRITIi; BINDER SEOUENCE- 
FROM Z'3 3 LIBRARY 



~ 5^ EC IE N^ 



T. 15-29 



CAC TCC TCG AGT TCG GZG GGC AAC TC^ 



H S 



S A G N c 

CGG GGT AGC -rr-^- 

CGT ACT GGT ATG GAG GCC ATC ACC CCC 

^ T F H 



G M 



A 



CCG CAT at: 

? H I 



H 



CGC GGG AGC 



GCC GCC T'.^TH J, T.^^ 

A A s R^" g"^^ S^- AGA 



G R A R 



367 



T. 15-30 

CAC JCC rco A=G CA3 CTG CGT TCG AAT 



rAC TCC 



S R Q L 



G S N T 



GGG GAG GGT CGG ACT TGG .^^T ...^ li 
G E G R - 



GG GGT 
W G 



ACC ACC CCC CAC 

P H I R 



J GGG CAG ACG GTT 



C T V 



S 



CAG ATC AAC C^C -^'^^ ^ 
^ i P N ■■ 



A3A ATC GAA GGT CGC GCT AGA 
^ ^ E G R A R 



3£8 
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TABLE IB 



polyclo:;ai. Ar7-i -ferritin binder skovekc^^s 

FROM DC4 3 LIBRAP.V 



bfaP .D WO: 

T20-1 HSSSNYG3ADRAW anvarw r.r™,„„.,„ 

T20-5 HSSP.TAKEGCS rg^ff-^f ;-;;'--=l'SFFJ^DHDEKRFKTRT3t.-/T3E 3£9 
T20-13 HSSSir:D3G5K"W,c,-,,--.^-:. cn;^ Z. p5rgf^°Pgf^^^'-'~PPSH:L?VETmCDS5F, 370 
...^ ^«R>ti^j. iJDPSRDPLSR -jn. 
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TABLE 16 (con'd) 

PCLYrLONAL AT^TI - F ERRI Tli: EINCEF ZEQXJZU^ZS 
FROf< DC4 3 LIBPJ^vKY 



T.20-1 

372 



CAC 

H 


TCC 
£ 


TCG 

S 


AGC 

£ 


AAT 

N 


TAC 

Y 


GGT 

G 


GGC 

G 


GCG 
A 


GAT 

D 




AGG 

R 


GCG 
A 


TGG 
W 


GGT 

G 


GGG 

G 


CGG 
R 


TCG 

£ 


CTG 
L 


TTC 
F 


ACG 
T 




AGC 

S 


GCT 
A 


GTG 

V 


ACC 
T 


GGT 
G 


TGT 

C 


GGT 

G 


AAC 


s 


P 




CGT 
R 


AAC 
N 


GAT 

D 


TiGG 
R 


GAC 
D 


GAG 
E 


CGC 

R 


CGT 

R 


CCT 
F 


AAC 
N 




ACG 


AGG 
R 


ACT 


ACT 

£ 


AAT 

N 


GTT 


ACC 


s 


AGA 
R 


ATC 
I 




GAA 
E 


GGT 

G 


R 


GCT 
A 


AGA 

R 














T.20-5 




















CAC 
K 


TCC 

S 


TCG 

S 


AGA 

R 


ACG 
T 


GCT 
A 


AAG 

K 


GAG 
E 


GG3 

G 


AGT 

£ 


GTG 
\' 


GGC 

G 


GGG 
G 


GCC 
A 


AGC 

£ 


CTG 
L 


TTT 
F 


TTG 


GAG 
E 


CTT 


AGG 

R 


GCC 
A 


CAG 

0 


TGT 

C 


GGT 

G 


TGT 
C 


GGT 
G 


GCT 

A 


CAC 
H 


CGT 

R 


AAZ 
N 


ACC 


CCG 
F 


CCG 
P 


TCG 
£ 


CAC 

H 


TGC 

C 


TTG 
L 


CCT 

P 


GTT 

V 


GAG 
E 


ACA 


AAG 

K 


AAT 

N 


TGT 


GAT 

D 


GAC 
D 


£ 


AGA 

R 


ATC 
I 


GAA 
E 


GGT 

G 


CGC 

R 


GCT 
A 


AGA 

R 


T.2C 


-13 




















CAC 
H 


TCC 

S 


TCG 

S 


AGT 

S 


ATT 

I 


AAT 
N 


GAC 

D 


AGT 
£ 


GGT 
G 


AGC 

£ 


AGG 
R 


ACG 


TGG 
W 


TCG 

S 


GGT 
G 


GGT 

G 


TGT 

C 


GGT 

G 


ATC 

I 


TCC 

£ 






CGG 
R 


GAT 

D 


GGC 

G 


GCC 
A 


CGC 
R 


CGC 

R 


GCC 
A 


CTT 
L 


TTC 

F 


CTG 


GAC 

E 


GAT 

Z 


ccc 

p 


TGC 

r 


CGC 
R 


GAC 
D 


CCT 
P 


TTG 


S 


AGA 

R 






ATC 
I 


GAA 
E 


GGT 

G 


CTC 

R 


GCT 
A 


AGA 

R 
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WHAT IS CLAIMED IS: 



10 



1 . A method of deiermining the presence or absence of an 
anahie of interest m a sample by an affinit>- assay comprising: 

(a) providing u) a labeled conjugate comprising at least 
one label attached to a functional surrogate capable of competing 
effectively uith an anal>ne of interest for a limiting amount of an 
affinity receptor for said anaiyte. said labeled conjugate exhibiting 
an acti\-it>- that is altered on interaction of said labeled conjugate 
wth said affinm- receptor and which activity can he measured and 
related to the presence or absence of said analyie in a given sample, 
and (ii) said affinity receptor; 

(b) coftibining said labeled conjugate and affmii}' receptor 
with a sample suspected of containing said anahae to provide a 

' 5 measure of said acti^'it^•; 

(c) measuring said actn-it}': and 

(d) relating said activity lo the presence or absence of 
said anahte in said sample. 

-• The method of claim I in which said interaction is a 
binding interaction. 
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aftiniu' receptor. 



4. 



The ™e,hod of clai™ 1 i„ „hich sa,d f™„io„a, surrogate 

charactehzi 
(K) for said affinin' 



IS further characteHz--^ ,^-k;k-^- 

" " '^-hib.tmg a selective binding affmin- 



receptor which :s substantiaJly similar to that 
exhibited by said analMe. 



which s^d relating step 

provides a quantitative measure. 



6. ^--*odofcl.mUn Which said funcuonaisu^oeate 
receptor of said anaivie. 



' r„= method Of Cain, 6 in ^ch sa,d :a„dom pepride 
""ran. compnsas a piuraiin- of pep„d,, whose s^cmres 
d,cm,ed bv ,h. pri,3„ „f3a.da..a!™. 



are not 
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8. The method of claim ] m which the molecular struciure of 
said functional surrogate corresponds to an epitope of said anai>T:e. 

9. The method of claim 8 m which the structure of said 
epitope was previously unknowTi. 

10. The method of claim 1 in which the molecular structure 
of said functional surrogate differs trom that of a Icnown epitope of 
said anal\ie. 

11. The method of claim 10 in winch said molecular 
sirucrtire does no; include a primar}^ sequence of eight or more 
consecutive ammo acid residues which can be found along the 
naturally occurring sequence of said anaKie. 

12. The method of claim 1 in which said functional 
surrogate has a molecular weight of 2000 daltons or less. 

13. The method of claim 1 in which said functional 
surrogate compnses a peptide. 
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14, The memod of ciaim 1 in which said analue is a 
hapten. 



15. The method of claim 1 in which said anai>ie is 
antieen. 



an 



16. Tne method of claim 1 in which said analMe is an 
ajitibody. 

17. The method of claim I in which said combining step 
comprises forming an affi.nit^• recspior-iabeied conjugate complex. 

18. TheTTieihod of claim 17 in which said combinmg step 
further comprises displacing said labeled conjugate from said 
complex with said anahte. 

19. The method of claim 1 in which said combining step 
comprises providing compeiiiion among said anahie and said 
labeled conjugate for said affimt>' receptor. 
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20. The method of claim I m which said combining step 
composes forming an affimu' recepior-anal\le complex. 

21. The method of claim. 20 in which said combining step 
fimher comprises forming an affmin* receptor-labeled conjugate 
complex. 

22. The method of ciaimi 1 in which said sample is obtained 
from a biological fluid selected from the group consisting of urine, 
semen, saliva, sweat, blood, serum, plasma, cerebrospinal fluid, 
tears, vaginal or nasal fluids. 

23. The method of ciaimi 1 in w^hich said sample is obtained 
from a cell-free extract. 

24. The method of claim 1 m which said label is selected 
from the group consisting of a chromogenic agent, IJ\^ absorber, 
fluorescent molecule, a chemiimninescent compound, an enz>^me, 
an enz>TOe fragment, an enz>'me substrate or a group having the 
potential for exhibiting at least one of the above-recited activities. 
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^ enzATne. 



^6. The method of claim 25 in which .aiH . 

' wnich sam eim'me exhibits 

glucose-6-phosphate dehydrogenase (G6PDH) 



activinv 



27. The method of claim ] in whi-h .ai^ ^ • • 

said coinDimng step 

"'""^ ^■"O' -ep,or and sample, and (.i) 

-S. The method of claim 2 in whi.K 

♦^iJ J m which said activit>' is 

measured as a rate of change. 

2'. ™=-<l>odofcla,n,,,n„.w,h^,^^^^^^^^ 
Poiypep^d. a po...e..id=. a p.,™.,„,,, , ^ 
lipid-containing macromolecule. 



■^0- The method nf ci-^^m i • • i. 

"I c.^m 1 in wmch said analus is 

f-il.,,,p„,„a.c,..ia,ed ho^one, i. „la,cd ,„ an .nfea,„.s 

disease, is a card,ac marker or a tumor marker. 



a 
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3 1 . The method of' claim 1 m which said anahie is 
associated with a bacterial or viral infectious acem. 

32- The method of claim 1 in w^hich said anahie is ferritin, 
follicle stimulating hormone (FSH), thyroid-stimulating hormone 
(TSH), human growth hormone fhGH). immunoglobulin E (IgEj, 
prolactin, parathyroid hormone (PTH), human placental lactogen 
(HPLk human chorionic gonadotropin fhCG). human ieutmizing 
hormone ChLH), c>iomegalovirus fCNT\'), chlamydia, streptococcus 
A, rubella, toxoplasma, herpes, hepatitis, CK-MB. myoglobin, 
myosin light chain, iropomn, carcinoembr\'onic antigen fCEA). 
alpha-fetoprotein (AFP), prostrate specific antigen (PSA). CA125 fa 
rumor marker). 

33. The method of claim 1 in which said anahie is an 
allergen. 

34. The method of claim. 1 in which said anahae has a 
m.olecular weight in excess of about 100,000 daitons. 
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35. A method of detcrmimnu the presence or absence of an 
anal^e of interest m a sample by an homogeneous enz>'me affinitv' 
assay comprising: 

(a) providing (i) an enz>'me conjugate comprising an 
enz>-me attached to at least one functional surrogate of an analne 
of interest, said functional surrogate capable of competing 
effectively ^^^th said anahte for a limxtmg amount of an affinity- 
receptor for said anai>ac. said enzyme conjugate e>diibitmg an 
activity that is altered on interaction of said enz>'me conjugate to 
said affmin- receptor and Wn^ch activity can be measured and 
related to the amount of said analv^e present in a gi^^en sample: ui) 
said affinity receptor, and (iii) a substrate for said enzyme: 

(b) combining said enz>-me conjugate, affinity 
receptor, and enzyme substrate with a sample suspected of 
comaimng said anahie to provide a measure of said enz>'me 
acti\'ity; 

(c) measuring said enz>TOe activit}-; and 

(d) relating said enzyme activity to the presence or 
absence of said anaine in said sample. 
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36. A method of deierminmg the presence or absence of an 
anaine of interest in a sample by an homogeneous fluorescence 
polarization afrlam- assay compnsmg: 

(a) providing (i) a labeled conjugate comprising a 
fluorescent material attached to a ftmctional surrogate of an analvte 
of mterest, said functional surrogate capable of competing 
effectively with an analne of interest for a limiting amount of an 
affmit}' receptor for said anahie, said labeled conjugate e>diibiting 
an activirv' that is altered on interaction of said labeled conjugate 
with said affinm- receptor and which activit>^ can be measured and 
related to the presence or absence of said anaKie in a given sample, 
and (ii) said affinit}^ receptor; 

fb) combining said labeled conjugate and a&lnit\' 
receptor \Nith a sample suspected of containing said anahie to 
provide a measure of said activity- 
Co measuring said activit}-; and 
(d) relating said activity to the presence or absence 
of said analvae in said sample. 

-3?. A method of determining the presence or absence of an 
analne of interest m a sample by an homogeneous cloned enz^'me 
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donor affinin- assay comprising: 

(a) providing (j) a iabeleH ^ot 

enz,™= donor ^ ^^^^^^^ ^ 

an e„^„e a.=ep,o. frag^en.. e^«„„, ^ 

m *e pr«e„.= „,-.a,d aff„,„ „c=p,or a„d wWch acivin- can ,e 

™ and .,a.ed ,o :he a^o™ of .a.d a..,. p„s=nu„ a 

given sample, (ii) said pn-rx^rr.^ 

^ '"^"^^ ^"^P^°^ fragment, and (iii) said 

afrinity receptor; 

(b) combining said labeled conjugate, e„;^.„e 
-c=p,o. fag^em. and affin.,. ,ecep,o. , 3^^,, ^^^^^^ 
con:a,ni„g sa.d anaK,c ,0 ,ro»o. a measure of said acivin-; 

(c) measuring said activm'; and 

(<^) reiatins said activin- m fk= 

- a-"vir\ 10 the presence or absence 

of said anai^e in said sample. 

38. Ail affinity assay kit compnsing: 

(a) a labeled conjugate diposed in a first container 
-ans. said labeled conjugate compnsmg at least one label attached 
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to a functional surrogate of an anaJ>'ie of interest, said functional 
surrogate capable of competing effectively v,ixh said anal>^e for a 
iimitinn amount of an afilniry receptor for said anahie. said labeled 
conjugate capable of exhibiting an activit>- that is altered on 
interaction of said labeled conjugate unth said affinity receptor and 
which activity can be measured and related to the amount of said 
analyte present in a given sample; and 

(b) disposed in a second container means said 
affinity- receptor and. optionally, any substance required for said 
labeled conjugate to e.xhibit said activm-. 

39. The kit of claim 38 in which said substance comprises 
an enzj'me substrate. 

40. The kit of claim 39 in which said substance comprises 
an enz>'me acceptor fracment. 

41. The kit of claim 38 m which said activity increases on 
binding of said labeled conjugate with said affmity receptor. 
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from fte grcp co„s,.,„g of fert„„. , ^.^^ ^ 

(|.CG). hu^an ^^^^^^ ^^^^^ (CKW). 

c...amydia. streoiococcus a nih/=Ho ♦ 

rubella, toxoplasma, herpes, hepatitis 

CK-Affi, myoglobtn. myosin light cham. tropomn, 

(CEA). alpha-fetoprotein (AFP), prostrate 
=pe=.fic antigen (PSA), CA125 (a tu„,or marto), 

^- A functional surrogate of an analne of" interest 
^mprisin, a peptide ,av.„, an it^nunoreaettve ^oup u,a, ai.o.s 

surrogate to compete effective,... with said ana,,™ for a 
limiting amoun, of an affinin. receptor for satd and™. 



•n^'f-^onalsutrogateofclaim^inv.t.ch 
P^Pdde comprises about 4 ,„ about ,00 anr.no ac.d res,d„. 



saia 
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^ 46. The funcnonal surrogate of cla:. 44 wh.ch con^petes 

effectively with femrin fnr r ■ • 

^emnn for a luniting amount of an affirun^ receptor 

for ferritin. 



. Th. functional surrc„a>. of c,a,n, 44 wWch con,pa« 
effecve,, ^ hepa„„s a„,,en for a ,i.i,i„, an,o™ of an 
affimn' recepio, for said hepatit.s amieen. 



-S- The f^ciona, .urroga,= of ciain, 44 ,n whrch sa.d 
antigen is ,he heparins A araigen, 

"f. The frmaional surrogace of dain, 44 in which said 
antigen is the hepatitis B antisen. 



=-0- The fnncttonal surrogate of clai™ 44 in" whtch said 
antigen is the hepatitis C antie-n. 



51. A functionaJ surrogate eon,pris,„g a pepude havin. up 

to about 35 amino ar^iw ■ ^ 

^-i"d-g the pnmar>^ sequence 
motifs depicted in SEQ. ID. NOS. 1-89. ,05-115. 127-134. 137- 

154. 169-180. 193-203. 215-226. 2^Q-.4^ ^c, ... / ' 

— ^--:oO. or 267-269. 
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i-. ihe funciional surrogaie of claim 51 which further 
includes 2-10 ammo acid residues fiankmg said sequence motifs. 

53. The functional surrogate of claim 52 in which said 
flanking residues are selected among those depicted in said SEQ. 
ID. NOS. 

54. A labeled conjugate comprismg ai least one label 
attached to a functional surrogate of an atiahte of imeresi. said 
functional surrogate capable of competing effectively with said 
anaKne for a limiting amount of an affinity' receptor for said 
anahne. said labeled conjugate capable of exhibitmg an activit>- thai 
is altered on interaction of said labeled conjugate with said affinit>- 
receptor and which acti%'it>- can be measured and related to the 
amount of said analne present in a given sample. 

5d, a recombinant DNA construct comprising a DNA 
sequence encoding a functional surrogate of an anahie of interest, 
said functional surrogate capable of competing effectiveh- with said 
analvie for a limiting amount of an affinit>- receptor for said 
anaKie. 
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56. The construct of claim 53 in which said DKA sequence 
IS selected from at least those sequences depicted in SEQ. ID. NOS. 
90-104. 116-126. 135-136. 155-168. 181-192. 204-214. 227-238. 
248-254. 261-266. or 270-272. which encode a primary- sequence 
motif. 



57. A transfo 



rming vector including the construct of claim 



58. The vector of claim 57 which is autonomousl\- 
replicating. 

59. Bacteriophage transformed \ry tlie vector of claim 57. 

60. A microorganism transformed by the vector of claim 

57. 



61. A microorganism infected with the bacteriophage of 
claim 59. 
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10 



15 



62. A method of obiaming a functional surrogate of an 
anai\ie of interest comprising: 

(a) selecting an affinit}- receptor sjihibitmg a 
selective affmm- for an anal\ie of interest; 

(b) screening a random peptide librar>- with said 
affinitv' receptor for a binding peptide; 

(c.) isolating said binding peptide and identif\'ing its 

structure. 

63. The method of claim 62 which further comprises 
synthesizing said peptide and verif>'ing its capacit>- to compete with 
said anaivte for a limitmg amount of said affm3t>- receptor. 



4, The method of claim 62 which further comprises 



conjugating said peptide to at least one label 



65. Tne method of claim 62 in which said libran- is a 
phage display random peptide librarv. 
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